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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A new Study Item on “solutions evaluation for NR to support Non Terrestrial Network” was approved in RAN plenary #80, with the following objectives related to physical layer [1]:
Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1].
[bookmark: OLE_LINK9]To verify the effectiveness of various proposed solutions, a simulation framework with high fidelity and acceptable complexity is required. In this contribution, we discuss both link level and system level simulation assumptions for NTN performance evaluation.

[bookmark: _Ref129681832]System level simulation assumptions
The following three reference NTN scenarios are identified in [1]: 
· Scenario A: GEO transparent satellite based NTN with fixed beams
· Scenario C2: LEO transparent satellite based NTN with moving beams 
· Scenario D2: LEO regenerative satellite based NTN with moving beams 
In practice, a constellation of LEO satellites are deployed in order to provide global coverage, because the typical foot print size provided by a single LEO satellite is much smaller than the coverage provided by a GEO satellite [2]. However, single satellite simulation may serve as a baseline to evaluate most of the physical layer solutions. An extended wrap-around mechanism can be used to model the intra-satellite interference for beams near satellite nadir point. As shown in Figure 1(a), in the wrap-around method used for terrestrial network, one or several layers comprising multiple hexagonal cells are created outside the reference cells. Differently, the extended wrap-around mechanism for NTN adds one or several layers comprising different beam bore-sight points. The bore-sight points can be placed at the center of hexagonal cells as in Figure 1(b), but the beam layout is not necessarily a hexagon. 
From inter-satellite interference evaluation perspective, multiple satellites can be beneficial to model the interference for beams far from satellite nadir point. For those beams, beams from neighboring satellites will generate non-negligible interferences. To reduce the simulation complexity, instead of defining a complete satellite constellation for scenarios C2 and D2, it is better to define positions for up to 7 satellites (including 2 neighboring intra-orbit satellites, 4 neighboring inter-orbit satellites and the reference satellite itself). While for scenario A, it is sufficient to give positions for up to 3 satellites (including 2 neighboring intra-orbit satellites and the reference satellite itself). 

Figure 1. Different wrap-around methods: (a) terrestrial; (b) NTN  
Proposal 1: An extended wrap-around mechanism by adding one or several layers comprising different beam bore-sight points can be adopted for intra-satellite interference modeling.
Proposal 2: Multiple satellites should be considered to study the inter-satellite interference for beams at low elevation angle. 

Satellite characteristics
In typical NR system level simulations, a full frequency reuse is adopted, i.e., all cells share the same frequency band as depicted in Figure 2(a). However, since the inter-cell interference assuming full frequency reuse can be an issue in NTN, an N-color scheme (e.g., N = 3 or 4) can be considered to handle non-negligible inter-beam/co-channel interferences [3]. As defined in [4], a color is characterized by both the frequency reuse factor (FRF) and polarization. Each coloring scheme defines a base coloring pattern by assigning each beam to a color. For example, a 4-color scheme shown in Figure 2(b) can mean 4 sub-bands and one polarization or 2 sub-bands and 2 polarizations. Comparing the full frequency reuse and N-color frequency reuse, one may need to balance between the available bandwidth in each beam and inter-beam co-channel interference. To strike a good balance and achieve better average beam throughput, a 3-color or 4-color scheme is widely used in satellite communication [5]. Considering that UEs for S band and Ka band generally adopt different polarization (i.e., linear and circular dual polarization, respectively), the FRF can be different as well. 
Observation 1: Full frequency reuse is adopted in NR while N-color frequency reuse is usually employed for current satellite communication.
Proposal 3: A 3-color or 4-color scheme can be considered for NTN performance evaluation.

Figure 2. Different frequency reuse patterns: (a) full frequency reuse; (b) 4-coloring scheme  
In practice, a satellite may equip with tens or even hundreds of beams to provide large coverage and high throughput. For typical scenario settings (e.g., LEO 1200km with 100 km beam radius and 10 degree elevation angle), a satellite can contain more than 500 beams in total. To reduce complexity of system-level evaluation, a 19-beam layout with satellite nadir point located at the centermost beam may be more realistic for interference modeling considering different coloring schemes. Besides, if lower elevation angles for the beam center are required, other beam layout configurations (e.g., satellite position or bore-sight beam directions) can be further considered. 
Proposal 4: A 19-beam layout with possibly different configurations should be considered for system level simulation in NTN.

Performance metrics and detailed assumptions
Two metrics can be used for calibration purpose: Coupling loss and Geometry. Similar to typical NR evaluation, user perceived throughput (UPT) and packet delay can be employed as the performance metrics for NTN system level simulation. Other metrics can also be considered if needed. The detailed simulation assumptions for system level simulation are listed in Table A1, Table A2 and Table A3 in the appendix.
Proposal 5: Take the simulation parameters in Table A1, Table A2 and Table A3 as the starting point for NTN system level evaluation.

Link-level simulation assumptions
Generally, the link level simulation assumptions for NR [6] should be taken as guideline. Some parameters should be revised to adapt the characteristics of the NTN channels and payloads of satellites. 
Downlink synchronization
In downlink synchronization, the Doppler shift is a major NTN-specific characteristic. The Doppler value due to the satellite movement can be up to several times of the SCS value, which would be a great challenge for PSS detection [2]. The value is the function of satellite orbits and elevation angles. Pre-compensation can be applied at the satellite side to mitigate the major part of the Doppler offset, however, the residual frequency offset is still large in cells around the nadir point. Furthermore, the maximum UE speed in NTN scenarios can be up to 1000km/h. Those impacts should be considered in the downlink synchronization. 
Proposal 6: A maximum frequency offset value that reflects the typical NTN deployment scenarios should be determined for both regenerative and transparent cases. 
The simulation assumptions for downlink synchronization are listed as follows in Table 1.
Table 1:  Simulation assumptions for NTN downlink synchronization
	
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	2 GHz
	20 GHz

	Channel Model
	TDL/CDL model in TR38.811, with scaling factor 30ns for sub6GHz, 300ns for above 6GHz

	Subcarrier Spacing(s)
	15kHz, 30kHz 
	 120kHz, 240kHz

	SNR range
	> -6 dB
	 > -18dB

	Search window
	NR as baseline

	Antenna Configuration at the TRP
	1Tx
	1Tx

	Antenna Configuration at the UE
	(1, 1, 2) with omni-directional antenna element 
	(4, 8, 2) with directional antenna element (HPBW=65 °, directivity 8 dBi)


	Frequency Offset
	UE: uniform distribution [+/- 0.1 ppm]
BS: uniform distribution +/- 0.05 ppm
Doppler in channel: max. +/-25.7 ppm for D2 and C2
· Max. UE speed:1000km/h
· Min. Elevation angle for both sat-gateway and user equipment: 10 degree 

	Number of interfering TRPs 

	0 TRP as start point
FFS interference from other TRPs, based on the frequency reuse pattern or constellation

	Phase noise
	Table 6 in R1-1905216
	Table 7 in R1-1905216



The following performance metrics should be reported:
· PSS detection rate for one shot
· FAR detection rate
· Residual frequency offset

PRACH
The main challenge of PRACH in NTN is the differential delay which is much larger than terrestrial network. So new PRACH formats may be needed. When a PRACH signal is transmitted by the UE, the frequency offset at the UE side is smaller than that in DL synchronization since the major part has been compensated based on the downlink frequency tracking. In Table A.1.5-2 of TR38.802, 0.1 ppm is assumed to model the UE side frequency offset. However, for LEO-based access, the PSS detection algorithm has to be revised to address the huge Doppler shift at the receiver side, and the value of frequency offset at UE side is FFS. Therefore, the value assumed in TR38.802 needs to be revisited based on the evaluation results of downlink synchronization. 
The simulation assumptions for PRACH are listed as follows in Table 2.

Table 2:  Simulation assumptions for NTN for PRACH
	
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	2 GHz
	30 GHz

	Channel Model
	TDL/CDL model in TR38.811, with scaling factor 30ns for sub6GHz, 300ns for above 6GHz

	Antenna Configuration at the TRP
	1Tx
	1Tx

	Antenna Configuration at the UE
	(1, 1, 2) with omni-directional antenna element 
	(4, 8, 2) with directional antenna element (HPBW=65 °, directivity 8 dBi)

	Frequency Offset
	UE: value FFS, based on the residual frequency offset of DL synchronization
BS : uniform distribution +/- 0.05 ppm

	PRACH design
	FFS

	Phase noise
	Table 6 in R1-1905216
	Table 7 in R1-1905216


The following performance metrics should be reported:
· PRACH detection rate 
· FAR detection rate
Data transmission 
The main challenges for NTN data transmission are the limited link budget and large propagation delay. For the first challenge, we suggest to start the evaluation based on the MCS table introduced for NR URLLC (Table 5.1.3.1-3 of TS38.214 for DL and Table 6.1.4.1-2 for UL). The large propagation delay will impact the efficiency of CSI feedback. Both the open-loop and the closed-loop AMC should be evaluated.    
The simulation assumptions for data transmission are listed as follows in Table 3.
Table 3:  Simulation assumptions for NTN for data transmission
	Parameters
	Value

	Carrier frequency
	2GHz 
	 DL 20GHz 

	Duplex
	FDD

	Subcarrier spacing
	15kHz, 30kHz
	 60kHz, 120kHz

	CSI feedback  
	No feedback /  periodic feedback

	Modulation order, Coding rate
	NR MCS Table (introduced for URLLC)

	Channel coding scheme
	NR channel coding 


	Link adaptation 
	Open-loop and closed-loop

	HARQ
	Disabled

	Channel estimation
	Realistic estimation

	Frequency offset model 
	Frequency offset in case of non-initial acquisition
TRP: uniform distribution +/- 0.05 ppm
UE: uniform distribution +/- 0.1 ppm

	UE speed
	3 km/h, 120 km/h, 1000km/h

	Channel model
	TDL/CDL model in TR38.811, with scaling factor 30ns for sub6GHz, 300ns for above 6GHz

	TRP antenna configuration
	1Tx
	1Tx

	UE antenna configuration
	(1, 1, 2) with omni-directional antenna element 
	(4, 8, 2), with directional antenna element (HPBW=65 °, directivity 8 dBi)

	Phase noise 
	Table 6 in R1-1905216
	 Table 7 in R1-1905216



The following performance metrics should be reported:
· BLER or throughput

Conclusions
In this contribution, both system level and link level simulation assumptions are elaborated. Based on the discussion in the previous sections, we made the following observations and proposals:
Observation 1: Full frequency reuse is adopted in NR while N-color frequency reuse is usually employed for current satellite communication.
Proposal 1: An extended wrap-around mechanism by adding one or several layers comprising different beam bore-sight points can be adopted for intra-satellite interference modeling.
Proposal 2: Multiple satellites should be considered to study the inter-satellite interference for beams at low elevation angle. 
Proposal 3: A 3-color or 4-color scheme can be considered for NTN performance evaluation.
Proposal 4: A 19-beam layout with possibly different configurations should be considered for system level simulation in NTN.
Proposal 5: Take the simulation parameters in Table A1, Table A2 and Table A3 as the starting point for NTN system level evaluation.
Proposal 6: A maximum frequency offset value that reflects the typical NTN deployment scenarios should be determined for both regenerative and transparent cases. 
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Appendix
Table A1.  System level simulation parameters for configurations A, C2 and D2
	[bookmark: _Hlk5815179]Configuration scenario
	A, C2 and D2

	Frequency band
	S-band / Ka- Band

	Maximum Bandwidth per beam (DL + UL)
	S-band : DL 30 MHz and UL 30 MHz
Ka band : DL 400 MHz and UL 400 MHz

	Reference satellite position
	GEO: (42157,0,0)
LEO-600: (6971,0,0)
LEO-1200: (7571,0,0)

	Gateway position
	(6371,0,0)

	Satellite characteristics (G/T, EIRP density, antenna diameter)
	See Table A2

	Satellite antenna pattern
	TR 38.811v15.0.0 section 6.4.1 Bessel function

	Satellite polarization configuration
	Circular

	Beam layout
	Bore-sight points placed at the center of hexagonal cells as in Figure 1(a)

	Number of beams
	19

	Frequency re-use factor
	S band: 3 or 4 for linear polarization
Ka band: 4 for linear polarization and 2 for dual circular polarization

	Deployment scenarios
	Base-line : Rural
Additional deployment scenario results can be provided

	Fast fading model
	Frequency selective channel model from TR 38.811v15.0.0

	UEs outdoor/indoor distribution
	100% outdoor distribution for UEs

	UEs coverage distribution
	X=10 UEs per beam with uniform distribution in all the beams 
Other values of X: FFS

	UE configuration
	S-band :
· Handheld 
· Others (optional) 
Ka-band :
· VSAT
· Others  

	UE orientation
	VSAT: Ideal Tracking serving beam;
Handheld: Random
Others: FFS

	UE antenna and polarization configurations
	S-band :
· Handheld : Linear
· Others: FFS
Ka-band :
· VSAT : Circular
· Others : FFS

	UE antenna noise figure, antenna temperature, G/T
	S-band :
· Handheld : Table 4.4-1 in TR38.811 V15
· Others: FFS
Ka-band :
· VSAT : Table 4.4-1 in TR38.811 V15
· Others : FFS

	Handover Margin
	0 dB

	UE attachment
	RSRP

	Metrics for calibration
	Base line : Coupling loss, Geometry
Optional : FFS

	Receiver
	MMSE-IRC

	Reference signals configuration
	Table A3

	Scheduler
	PF

	Traffic model
	FTP 3 for handheld, packet size 0.5Mbytes, arrival ratio TBD;
TBD for VSAT;

	Channel estimation
	Realistic

	MIMO mode
	IT-1R

	CSI feedback
	Periodic

	Metrics for performance evaluation
	Baseline: UE throughput (5%, 50%, 95%)	
Optional : Packet delay



Table A2.  System level simulation parameters for downlink transmission and uplink reception
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35’786 km
	1’200 km
	600 km

	Equivalent satellite antenna aperture (Note1)
	S-band
	22m
	2m
	2m

	Satellite EIRP density 
（dBW/MHz）
	
	25.3
	31.3
	55.3

	Tx gain (dB)
	
	50
	29
	29

	Rx gain (dB)
	
	50
	29
	29

	Satellite Noise Temp.
（dB (K)）
	
	26
	26
	26

	G/T（dB K-1）
	
	24
	3
	3

	Equivalent satellite antenna aperture (Note1)
	Ka-band
	2.2 m
	0.2m
	0.2m

	Satellite EIRP density
（dBW/MHz）
	
	15.2
	21.2
	45.2

	Tx gain (dB)
	
	50
	29
	29

	Rx gain (dB)
	
	53.4
	32.5
	32.5

	Satellite Noise Temp.
（dB (K)）
	
	27
	27
	27

	G/T（dB K-1）
	
	26.4
	5.5
	5.5

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of TR38.811v15.0.0.



Table A3.  Reference signals configuration 
	DL
	PDCCH
	2 symbols*

	
	DMRS
	Type II, 2 symbols

	
	CSI-RS
	1 port for each beam

	
	SSB
	1 SSB for each beam, per 20 ms*

	
	TRS
	2 consecutive slots per 20 ms, 1 port*

	
	PTRS
	1 port PT-RS, (L,K) = (1,4)*

	UL
	PUCCH
	2 RBs, 14 OFDM symbols*

	
	DMRS
	Type II, 2 symbols

	
	SRS
	2 symbols per 5 slots,8 RBs per symbol*

	
	PTRS
	1 port PT-RS, (L,K) = (1,4)*

	Note: Parameter value with mark * is reused from ITU self-evaluation. Reference in R1-1808073.
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