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1. Introduction
In RAN#86 meeting, a new WID on NR NTN solutions was approved with following RAN4 objective:

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].

In RAN4#97e meeting, co-existence simulation was discussed and over 70 co-existence test cases are listed in [3]. RAN4 needs to consider how to down select the co-existence test cases from RAN4#98e meeting. In this paper, we provide our views on the simulation scenarios and simulation assumptions for NTN co-existence study.
2. Discussion
2.1  Scenarios
2.1.1    NTN deployment scenarios
TR38.811 listed the following 5 Non-Terrestrial Network deployment scenarios:
· GEO satellite at 2GHz (both UL&DL), 20GHz (DL) and 30GHz (UL)
· LEO satellite at 2GHz (both UL&DL), 20GHz (DL) and 30GHz (UL)
· HAPS using IMT FDD frequency [2]
In [3], it was agreed that RAN4 should consider at least satellite scenarios in exemplary band in FR1. 
· C1.1: LEO @ 600 km altitude, FR1, Earth fixed beams
· C2.1: LEO @ 600 km altitude, FR1, Earth moving beams
· A1: GEO @ 35,786 km altitude, FR1, Earth fixed beams 
· C1.2: LEO @ 1200 km altitude, FR1, Earth fixed beams
· C2.2: LEO @ 1200 km altitude, FR1, Earth moving beams
· HAPS (Note: As clarified in [2], HAPS with at least the service link, i.e., HAPS – UE operates a 3GPP specified NR mobile service in allocated spectrum)
For FR2 exemplary frequency band, the satellite scenarios are still under discussion in RAN4. Considering the potential NTN deployment in FR2, we should consider one exemplary FR2 carrier frequency in co-existence simulation. 
Proposal 1: For NTN deployment scenarios, GEO satellite, LEO satellite and HAPS with FDD carrier at 2GHz  (UL&DL), and 20GHz (UL) and 30GHz (DL) should be considered for co-existence simulation in RAN4 as the starting point. 
Note that earth fixed beams and earth moving beams are considered for LEO satellite. But in co-existence simulation, which is based on Monto Carlo static simulation approach, earth beam would be always fixed in one snapshot. That means there is no difference between earth moving beams and earth fixed beam in co-existence simulation. Therefore, we could assume fixed earth beams in the NTN co-existence study.
Proposal 2:  Fixed earth beams shall be assumed in the NTN co-existence study.
2.1.2    TN deployment scenarios
As listed in [4], usual TN deployment scenarios in RAN4 include Rural, Urban macro, Dense urban, Micro / Small cell outdoor and Indoor hotspot. Considering NTN mainly provides the service for outdoor UE, and Rural and Urban Marco are typical outdoor scenarios. We have the following proposal for TN deployment:
Proposal 3: For TN deployment scenarios, Rural and Urban Marco scenario with the carrier frequency adjacent to TN network should be prioritized for NTN-TN co-existence study. The simulation results for other scenarios can be provided. For TN networks, NR could be selected as the reference.
2.1.3    Co-existence scenario
The co-existence scenarios for NTN-NTN and NTN-TN are summarized as below:
Table 1: co-existence scenarios
	
	NTN

	
	GEO
	LEO 600km
	LEO 1200km
	HAPS

	NTN
	GEO
	Yes
	Yes
	Yes
	Yes

	
	LEO 600km
	Yes
	Yes
	Yes
	Yes

	
	LEO 1200km
	Yes
	Yes
	Yes
	Yes

	
	HAPS
	Yes
	Yes
	Yes
	Yes

	TN
	Rural
	Yes
	Yes
	Yes
	Yes

	
	Urban Marco
	Yes
	Yes
	Yes
	Yes

	Note 1: For FR1, FDD carrier frequency at 2GHz is considered. For FR2, FDD carrier frequency at 20GHz and 30GHz is considered. 
Note 2: Rural and Urban Marco with 100% outdoor UE distribution is prioritized for TN scenario. The simulation results for other scenarios can be provided.
Note 3: For TN networks, NR is considered as the reference.



Proposal 4: RAN4 to agree co-existence scenarios listed in Table 1.
2.2  Simulation assumptions
2.2.1 Propagation model
For NTN, the propagation model from section 6.6 of TR 38.811 can be referred. For TN, the propagation model mode from TR 36.942 can be referred for 2GHz and propagation model mode from TR 38.803 for 20GHz&30GHz carrier frequency.
2.2.2 Power Control Modelling
For downlink, there is no power control for both NTN and TN networks.
For uplink, the UE output power formula in TR 36.942 shown as equation (1) is applied for both NTN and TN networks. 

                                                      (1)
Where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, CL is the path coupling loss defined as max{path loss-G_Tx-G_Rx, MCL}, where path loss is propagation loss plus shadow fading, G_TX is the transmitter antenna gain in the direction of the receiver, G_RX is the receiver antenna gain in the direction of the transmitter and CLx-ile is the x-percentile CL value. With this power control equation, the x percent of UEs that have the highest coupling loss will transmit at Pmax. Finally, 0<<=1 is the balancing factor for UEs with bad channel and UEs with good channel. 
The CLx-ile parameters defined in Table 5.3 of TR36.942 (FR1) and section 5.2.4 of TR38.803 (FR2) could be reference for TN and NTN uplink power control setting.
2.2.3 [bookmark: _Toc5701906]Cell Layout
For single NTN, satellite with 19 inner beams used in TR 38.821 can be used as single operator cell layout. Considering interference within satellite has been taken into account within 19 inner beams which would be the dominate co-channel interference, single satellite would be enough for co-existence simulation. 
In addition to beam number, as listed in TR 38.821, three frequency reuse factors (FRF), i.e., 1, 2, 3, are assumed for NTN networks. Usually, in RAN4 co-existence study, the worst interference scenario, i.e., FRF=1 is considered. However, based on the simulation results listed in Table 6.1.1.2-1 of TR 38.821, the UL and DL SINR with FRF=1 is very bad. The SINR for most of UE is below 0dB. At 5% geometry, both UL and DL SINR would be even smaller than -10dB in some cases which will lead to UE outage. Therefore, we suggest to using FRF of 3 as the typical cell layout for NTN networks. Cell layout for single operator with FRF=3 is shown as Figure 1. 


Figure 1: cell layout for single operator with FRF=3

Proposal 5: Single satellite with 19 inner beams and FRF of 3 shall be used for NTN co-existence simulation.
For NTN-NTN, similar as multi-operator cell layout for TN-TN co-existence, coordinated and uncoordinated NTN deployment shall be considered. For coordinated NTN deployment, two operators share the satellite. While for uncoordinated NTN deployment, there is an offset between two satellites. Since satellite altitude is different for GEO/LEO/HAPS, the offset between two satellite could have following possibilities:
Table 2: Cell layout for uncoordinated deployment
	
	Attitude and footprint size
	Uncoordinated deployment

	GEO-GEO
LEO 600km-LEO 600km
LEO 1200km-LEO 1200km
HAPS-HAPS
	Same attitude and footprint size
	


	GEO-LEO 600km/LEO 1200km/HAPS
LEO 600km- GEO/LEO 1200km/HAPS
LEO 1200km- GEO/LEO 600km/HAPS
HAPS - GEO/ LEO 600km/LEO 1200km


	Different attitude and footprint size
	Option 1: The locations of beams centre are the identical. 


Option 2: The locations of beams centre are not identical.





Proposal 6: RAN4 to consider both coordinated and uncoordinated NTN-NTN deployment. For uncoordinated deployment, the cell layout listed in Table 2 shall be evaluated.
2.2.4 Other simulation assumptions
For NTN, other simulation assumptions could refer to section 6.1.1.1 of TR38.821.
For TN, other simulation assumptions for 2GHz could refer to TR36.942. And TR 38.803 could be the reference for the other simulation assumptions in 20GHz and 30GHz carrier frequencies.
3.	Conclusion
In this paper, we provide our views on the simulation scenarios and simulation assumptions for NTN co-existence study. We have the following proposals:
Proposal 1: For NTN deployment scenarios, GEO satellite, LEO satellite and HAPS with FDD carrier at 2GHz  (UL&DL), and 20GHz (UL) and 30GHz (DL) should be considered for co-existence simulation in RAN4 as the starting point. 
Proposal 2:  Fixed earth beams shall be assumed in the NTN co-existence study.
Proposal 3: For TN deployment scenarios, Rural and Urban Marco scenario with the carrier frequency adjacent to TN network should be prioritized for NTN-TN co-existence study. The simulation results for other scenarios can be provided. For TN networks, NR could be selected as the reference.
Proposal 4: RAN4 to agree co-existence scenarios listed in Table 1.
Proposal 5: Single satellite with 19 inner beams and FRF of 3 shall be used for NTN co-existence simulation.
Proposal 6: RAN4 to consider both coordinated and uncoordinated NTN-NTN deployment. For uncoordinated deployment, the cell layout listed in Table 2 shall be evaluated.
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