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Introduction
During RAN-Plenary #91-e meeting, the contribution RP-210439 proposed Ka-band as exemplary band for NR-NTN in Rel-17.
RP-210439 provided much useful information with respect to potential simulation parameters, deployment scenarios for broadband satellite communications, and coexistence in adjacent bands. 
However, RAN4 should be also aware that the estimated current workload for proposed Ka-band coexistence scenarios is at least 5 times lower than current exemplary S-band coexistence scenarios, for several reasons that will be further addressed in this paper.
The goal of this document is to show that Ka-band number of coexistence scenarios is much lower than current S-band number of coexistence scenarios.
Moreover, it is very important that RAN4 work include adjacent band simulations for coexistence scenarios in UL FDD NTN Ka-band with NTN NR TDD FR2 as part of Rel-17, in order to prove to satellite ecosystem and market verticals that such scenarios are technical feasible. 

[bookmark: _Toc493127338]S-band coexistence scenarios
R4-2103998 (revised from R4-2103965) on FR1 simulation assumption for NTN co-existence study (RAN4#98e) shows in Table 2.1-2 the following aggressor and victim combination list:
	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 34 TDD. 

	6
	TN with NTN
	TN DL
	NTN UL
	Applicable for satellite operating in S band, e.g. coexistence with Band 34 TDD. 

	7, 8
	NTN with NTN
	NTN DL
	NTN DL
	LEO-LEO or GEO-GEO

	
	
	NTN UL
	NTN UL
	LEO-LEO or GEO-GEO


On top of this it can be further considered HAPS coexistence scenarios in adjacent bands, and a different set of combinations as expressed below (as per RAN4#98e decision):
Table 1. TN-NTN coexistence scenarios in adjacent bands for S-band
	No.
	Frq.
	TN
	TN scenario
	NTN

	1
	2GHz
	NR
	Rural
	GEO

	2
	2GHz
	NR
	Rural
	LEO 600km

	3
	2GHz
	NR
	Rural
	LEO 1200km

	4
	2GHz
	NR
	Urban macro
	GEO

	5
	2GHz
	NR
	Urban macro
	LEO 600km

	6
	2GHz
	NR
	Urban macro
	LEO 1200km

	7
	2GHz
	NR
	Rural
	HAPS

	8
	2GHz
	NR
	Urban macro
	HAPS



Table 2. NTN-NTN coexistence scenarios in adjacent bands for S-band
	No.
	Frq.
	NTN
	NTN

	1
	2GHz
	GEO
	GEO

	2
	2GHz
	GEO
	LEO 600km

	3
	2GHz
	LEO 600km
	LEO 600km

	4
	2GHz
	LEO 1200km
	LEO 1200km

	5
	2GHz
	HAPS
	HAPS



If we gather all this information into a single table, we will find that at least for FR1 S-band we have:
	Combination
	Aggressor
	Victim
	Comment
	Number of scenarios

	TN with NTN
	TN DL
	NTN DL
	
	At least 8

	TN with NTN
	TN UL
	NTN UL
	
	At least 8

	TN with NTN
	NTN DL
	TN DL
	
	At least 8

	TN with NTN
	NTN UL
	TN UL
	
	At least 8

	TN with NTN
	NTN UL
	TN DL
	Applicable for satellite operating in S band, e.g. coexistence with Band 34 TDD. 
	At least 8

	TN with NTN
	TN DL
	NTN UL
	Applicable for satellite operating in S band, e.g. coexistence with Band 34 TDD. 
	At least 8

	NTN with NTN
	NTN DL
	NTN DL
	LEO-LEO or GEO-GEO or GEO-LEO600 or HAPS-HAPS
	At least 5

	NTN with NTN
	NTN UL
	NTN UL
	LEO-LEO or GEO-GEO or GEO-LEO600 or HAPS-HAPS
	At least 5

	Total number of scenarios FR1 S-band
	
	
	At least 58



Observation 1: For S-band there are currently at least 58 scenarios to be considered for simulations required for coexistence studies in adjacent bands.

Ka-band coexistence scenarios
1.1 General 
Three high-level coexistence scenarios relevant for FR2 are envisaged as:
· TN to NTN
· NTN to TN
· NTN to NTN
However, NTN-NTN coexistence scenarios are largely well documented by ITU-R radio regulations.  Furthermore, the following considerations should be taken into account:
· NTN-NTN coexistence scenarios involve almost exclusively co-channel coexistence;
· Coexistence is guaranteed by spatial separation.  Operators occupy the same or partly overlapping frequency ranges, but different orbital slots or orbital trajectories.  There are different co-existence mechanisms between GSO and NGSO, but the overarching principle remains the same;
· This is also possible because NTN broadband in FR2 is deployed with VSAT/ESIM type UEs that have very directional antennas, mechanically- and/or electronically- steered, that ensure accurate pointing to the correct satellite(s).
For the reasons above, NTN-NTN coexistence scenarios in FR2 should be deprioritized or de-scoped.
Coexistence scenarios TN to NTN and NTN to TN in adjacent bands are further represented below:
  [image: cid:image010.png@01D71744.932A31F0]
Figure 1. Different interference scenarios in Ka adjacent bands between NTN 5G NR and TN 5G NR
As illustrated in Figure 1, the interference scenarios in adjacent bands are identified as follows:
· i1: DL TN 5G NR to UL NTN 5G NR
· i2: UL NTN 5G NR to DL TN 5G NR
· i3: UL NTN 5G NR to UL TN 5G NR
· (i4): UL TN 5G NR to UL NTN 5G NR
Please also note that interference types i1 and i2 in adjacent bands are UL-DL (since NTN networks are FDD while TN networks are TDD), while interference types i3 and i4 in adjacent bands are UL-UL. Moreover, interference type i4 can be further down-scoped from coexistence cases.
Observation 2:  It can be noted that for FR2, coexistence scenarios will be much simpler than for FR1, because the NTN-TN scenarios for FR2 are limited only to i1 (DL TN in UL NTN), i2 (UL NTN in DL TN), i3 (UL NTN in UL TN).
Observation 3: It should be also noted that in FR2, all NTN UEs and satellites use highly directional antennas, further simplifying all coexistence scenarios, and that NTN-NTN coexistence scenarios are almost exclusively based on co-channel coexistence and spatial separation. 
Observation 4: FR2 coexistence studies could be further down-scoped by deprioritizing NTN-NTN coexistence scenarios. 
1.2 Ka-band NTN UL coexistence with terrestrial UL and DL in adjacent frequency bands
As represented in both Figure 1 and Figure 2, the Ka-band NTN coexistence involves coexistence with a portion of TN n258 (24.25 – 27.5 GHz), as follows:
· NTN to TN: (NTN UE UL to TN BS DL) & (NTN UE UL to TN UE UL)
· TN to NTN: (TN BS DL to NTN UE UL) 
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Figure 2. Coexistence in adjacent bands of NTN Ka UL with TN n258

Observation 5: TN Deployments in FR2 are currently limited to Urban scenarios with small cells, furthermore, Rural scenario is usually not considered for FR2. 
Observation 6: Rural scenario can be removed in FR2 NTN-TN coexistence analysis.
Observation 7: Indoor TN deployments in FR2 are unlikely to be affected by NTN deployment due to path loss and building attenuation.
Observation 8: Similar as for FR1, indoor scenario can be removed or at least deprioritized in FR2 NTN-TN coexistence analysis.
Observation 9:  RAN4 WF from RAN4#98e selected Rural, Urban Macro, Dense Urban and Indoor scenarios for NTN-TN coexistence in FR1.  Since in FR2 Rural and Indoor become not relevant, this allows down-selection to Urban Macro and Dense Urban for FR2 NTN-TN coexistence analysis.
Observation 10: RAN4 can limit scope to scenarios with Urban Macro and Dense Urban TN deployment for NTN-TN coexistence analysis in FR2.

1.3 Ka-band NTN DL coexistence with TN UL and DL in adjacent frequency bands
Satellite Ka band DL (17.3 – 20.2 GHz) range does not overlap, nor is adjacent to any terrestrial band. As such it is unnecessary to perform coexistence analysis between NTN DL and TN.
Observation 11:  There are no 3GPP TN bands specified in or adjacent to the satellite Ka DL (17.3 – 20.2 GHz) range, and thus no 3GPP TN deployments.
ETSI defines RF specifications for satellite transmissions in line with ITU-R regulations and appropriate regional resolutions.  These specifications can be used as a starting point by RAN4 when defining NTN RF requirements.
Observation 12:  For satellite Ka band NTN DL (17.3 – 20.2 GHz), RAN does not need to undertake any coexistence study with TN FR2. 
Observation 13:  For the purpose of specifying NTN BS (i.e. satellite TX) RF requirements in satellite Ka band DL (17.3 – 20.2 GHz), RAN can use ITU-R, ETSI and appropriate regional regulatory sources as reference.

1.4 Conclusion for Ka-band coexistence scenarios
Moreover, if we follow the same reasoning as for S-band, we will have:
Table 3. TN-NTN coexistence scenarios in adjacent bands for Ka-band
	No.
	Frq.
	TN
	TN scenario
	NTN

	1
	27 GHz-30 GHz
	NR
	Dense urban
	GEO

	2
	27 GHz-30 GHz
	NR
	Dense urban
	LEO 600km

	3
	27 GHz-30 GHz
	NR
	Dense urban
	LEO 1200km

	4
	27 GHz-30 GHz
	NR
	Urban macro
	GEO

	5
	27 GHz-30 GHz
	NR
	Urban macro
	LEO 600km

	6
	27 GHz-30 GHz
	NR
	Urban macro
	LEO 1200km



LEO 1200km scenario does not present any material difference from LEO 600km, and it can be further de-scoped. Therefore, the number of considered scenarios can be further reduced accordingly:
Table 4. TN-NTN coexistence scenarios in adjacent bands for Ka-band
	No.
	Frq.
	TN
	TN scenario
	NTN

	1
	27 GHz-30 GHz
	NR
	Dense urban
	GEO

	2
	27 GHz-30 GHz
	NR
	Dense urban
	LEO 600km

	3
	27 GHz-30 GHz
	NR
	Urban macro
	GEO

	4
	27 GHz-30 GHz
	NR
	Urban macro
	LEO 600km




If we gather all this previous information in a single Table, we will find that at least for Ka-band we have:
	Combination
	Aggressor
	Victim
	Comment
	Number of scenarios

	TN with NTN
	TN DL
	NTN UL
	TN in TDD, scenario also considered in FR1
	At least 4 (since no HAPS and no LEO@1200) but can be reduced to 2 (if only GEO)

	TN with NTN
	NTN UL
	TN DL
	TN in TDD, scenario also considered in FR1
	At least 4 (since no HAPS and no LEO@1200) but can be reduced to 2 (if only GEO)

	TN with NTN
	NTN UL
	TN UL
	TN in TDD, scenario not considered in FR1.
	At least 4 (since no HAPS and no LEO@1200) but can be reduced to 2 (if only GEO)

	Total number of scenarios Ka-band
	
	
	Best case: 6
Worst case: 12



Observation 14: For Ka-band the best case is with only 6 scenarios to be considered for coexistence in adjacent bands.
Observation 15: For Ka-band the worst case is with only 12 scenarios to be considered for coexistence in adjacent bands.
[bookmark: _GoBack]Observation 16: Currently there are at least 58 types of coexistence scenarios for S-band, while for Ka-band there are only 6 (best case) and 12 (worst case). Therefore, we estimate the Ka-band required simulations for coexistence scenarios in adjacent bands between 1/10 and 1/5 as compared with S-band.

Conclusions
Currently there are at least 58 types of coexistence scenarios for S-band, while for Ka-band there are only 6 (best case) and 12 (worst case). Therefore, we estimate the required simulations for Ka-band coexistence scenarios in adjacent bands are between 1/10 and 1/5 to that of the S-band.

Moreover, it is very important that RAN4 work include adjacent band simulations for coexistence scenarios in UL FDD NTN Ka-band with NTN NR TDD FR2 as part of Rel-17 in order to prove to satellite ecosystem and market verticals that such scenarios are feasible. 

Observation 1: For S-band there are currently at least 58 scenarios to be considered for simulations required for coexistence studies in adjacent bands.
Observation 14: For Ka-band the best case is with only 6 scenarios to be considered for coexistence in adjacent bands.
Observation 15: For Ka-band the worst case is with only 12 scenarios to be considered for coexistence in adjacent bands.
Observation 16: Currently there are at least 58 types of coexistence scenarios for S-band, while for Ka-band there are only 6 (best case) and 12 (worst case). Therefore, we estimate the Ka-band required simulations for coexistence scenarios in adjacent bands between 1/10 and 1/5 as compared with S-band.
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