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New study item on NR NTN Downlink coverage enhancements was approved in RAN #102. In RAN WG1 #116, some system-level and link-level simulation assumptions are determined. In this contribution, we present some of the simulation evaluation results and report some of the assumptions used in these simulation.
Discussion 
0. General consideration for DL coverage enhancement 
	RAN1 #116 Agreement
For DL coverage study, consider the following additional reference satellite parameters scenarios for LEO600km Set1 in FR1 (i.e., S-band), referred to as Set1-1 FR1, Set1-2 FR1 and Set1-3 FR1:


In the last meeting, three different scenarios were proposed for LEO 600km set1 in FR1, as shown in the Table 1. Link budget result of CNR for Set1-3 is -9.9dB. According to our link-level simulation results, SSB can not work under this requirement. Therefore, Scenarios of Set 1-1 and Set 1-2 should have higher priority than scenarios of Set 1-3.
Proposal 1: For downlink coverage enhancement, scenarios of Set 1-1 and Set 1-2 should be prioritized.

[bookmark: _Ref162538920]Table 1 Additional reference satellite parameters scenarios for LEO600km Set1 in FR1
	LEO600km FR1 (i.e., S-band)
	Set1-1
	Set1-2
	Set1-3

	Maximum Bandwidth per beam
	5 MHz
	5 MHz
	5 MHz

	SCS
	15 kHz
	15 kHz
	15 kHz

	Beam size
	50km
	50km
	50km

	Satellite EIRP density /beam (dBW/MHz)
	34
	34
	26

	Payload Total DL power level (dBW)
	31.24
	23
	23.24

	Aggregated EIRP (Total) (dBW)
	61.24
	53
	53.24

	Satellite Tx max Gain
	30 dBi
	30 dBi
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	41
	41
	33

	Total number of beam footprints
	1058
	1058
	1058

	Total number of simultaneously active beams 
	106
	16
	106

	simultaneously active beams
	10.02 %
	1.5 %
	10.02 %

	link budget result of CNR
	-1.9dB
	-1.9dB
	-9.9dB



For the satellite parameters for LEO 600km in FR2, we suggest that the configuration in TR 38.821 can be reused, as shown in Table 2. Compared to FR1, beam size for FR2 is smaller, and the number of beam footprints in the coverage area should be higher, the total number of beam footprints set to 800 that need to be reevaluated. The total number of beam footprints increases, resulting in the need to activate more beams at the same time to improve coverage.
Proposal 2: Satellite parameters in TR 38.821 can be reused for LEO600km Set1 in FR2 and Table 2 can be adopted.

[bookmark: _Ref162539668]Table 2 Additional reference satellite parameters scenarios for LEO600km Set1 in FR2
	LEO600km Set1-1 FR2 (i.e., Ka-band)

	Maximum Bandwidth per beam
	400 MHz

	SCS
	120 kHz

	Beam size
	20km

	Satellite EIRP density /beam (dBW/MHz)
	4dBW/MHz

	Payload Total DL power level (dBW)
	2.3dBW

	Aggregated EIRP (Total) (dBW)
	40.8dBW

	Satellite Tx max Gain
	38.5dBi

	EIRP per Satellite beam (dBW)
	30dBW

	Total number of beam footprints
	800

	Total number of simultaneously active beams
	12

	% simultaneously active beams
	1.5 %



	RAN1 #116 Agreement
The following traffic models are considered for system level evaluation of DL coverage:
· FTP3: as in Table 6.1.1.1-7 of TR 38.821: 0.5MB as packet size, 200ms as mean inter-arrival time 
· FTP3 IM: 0.1MB as packet size, 2s as mean inter-arrival time 
· VoIP can be considered in the evaluation. 

It is up to company report which traffic model is used among the discussed traffic models in their evaluations.
· Other models may be used as well, and parameter (e.g. packet size and arrival rate) adjustment can be optionally considered and reported.

	Traffic type
	FTP
	IM
	VoIP

	Model
	FTP model 3
	FTP model 3
	As defined in Rel-18 NTN CE.


	Packet size
	0.5 Mbytes
	0.1 Mbytes
	

	Mean inter-arrival time
	200 ms
	2 sec
	






The traffic model of FTP defined in TR 38.821 seems not be appropriate for the present evaluation. A 0.5Mbytes packet with 5MHz bandwidth within 200ms requires a spectral efficiency of up to 4bps/Hz. In NTN scenario, such spectral effect is difficult to achieve. Therefore, traffic type of IM and VoIP should be prioritized for evaluation.
Proposal 3: Traffic type of IM and VoIP should be prioritized for evaluation.

0. System level evaluation
In order to conduct system level analysis and evaluation, the following work procedure has been carried out:
Beam Layout Modeling: Centered on the nadir point, we modeled 1057 beam footprints within the satellite coverage area. The beam layout definition is as proposed in [6]. The modeling method is reused from 38.821.
Beam Illumination: Based on different assumptions of the number of physical beams, we performed the illumination of beams within the satellite coverage area. Taking 16 physical beams as an example, 16 beam footprints are illuminated simultaneously. At the next moment, another 16 beam footprints are illuminated simultaneously.
Beam Scheduling Method: Two methods of beam illumination are considered, namely random illumination and illumination with interference avoidance strategy. The former may result in more noticeable interference.
Interference Calculation: When the current beam footprint is illuminated, interference will be determined by whether there are simultaneous illuminations within two neighboring rings of beam footprints. If so, interference is considered. The calculation of interference depends on the angle between the two beams and the antenna radiation pattern.
User Distribution: When the current beam footprint is illuminated, users are uniformly scattered within this beam footprint to traverse the differences in antenna gain, path loss, etc., for different angular directions.
1. Performance evaluation
Based on the above system-level modeling method, the evaluated SINR curves are shown in the figure below:
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 Figure 1 CDF of SINR for FR1 set1-1 and set1-2
The percentiles corresponding to x%( x = 5, 50, 95) for each CDF curve are shown in the following table:
	percentile(unit dB)
	5%
	50%
	95%

	16 beams without interference
	-0.75
	1.37
	3.95

	16 beams with interference
	-1.40
	1.21
	3.86

	106 beams with interference
	-4.32
	-0.11
	3.39


Observation 1: Under the random beam scheduling method, the interference is more severe when the number of physical beams is 106 compared to that of 16 phyisical beams.
Proposal 4: For satellites with multiple physical beams, a reasonable beam scheduling scheme needs to be designed to reduce the interference.
Proposal 5: For satellites with multiple physical beams, the introduction of frequency reuse technology should be taken into account to reduce the interference.
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Figure 2 an example of frequency reuse within satellite coverage

	RAN1 #116 Agreement

For system level study based on analytical evaluation:
· N1 beam footprints are in state “off”
· These beam footprints are not served by any signal (no satellite service in this area)
· N2 beam footprints are in state “common messages only”
· These beam footprints do not have any active user traffic, and are served the necessary information for cell discovery and initial access.
· Optionally, companies may consider user arrival (e.g. RACH access) in this type of cell, and should describe how this is taken into account in the analytical evaluation
· N3 beam footprints are in state “active traffic” 
· These beam footprints have X active (e.g. VoNR) users each.
· These beam footprints are also served the necessary information for cell discovery and initial access
· N1 + N2 + N3 = “Total number of beam footprints “ 
· N1, N2, N3, X are to be reported by companies.
· Resource utilization obtained under the assumptions above is to be reported by companies.
· Other assumptions made in the evaluation are to be reported by companies, e.g. power sharing scheme, beam hopping scheme, etc.



To improve the coverage ratio and system throughput in NTN scenarios, we evaluated two schemes.
Scheme 1 (i.e. baseline scheme): Beams scan a limited number of beam footprints in a periodic manner, providing communication services to these footprints regardless of the actual traffic distribution on those footprints. Following NR specification, one active beam can cover 4 beam footprints through SSB indexing. In 2Ghz, 4 SSBs of one cell is assumed.
Scheme 2: Beam hopping scheme. The concept of cascading SSB periods is introduced, where multiple original SSB periods are concatenated. The first original SSB period scans 4 beam locations, the next original SSB period scans another 4 beam locations, and so on. Besides the periodic scanning of beam locations to provide broadcast messages required for cell discovery and initial access, the remaining time-frequency resources can be dynamically adjusted according to the actual distribution of service demands by adjusting the beam direction to certain footprints within the satellite coverage area.
For specific SINR value, select the appropriate MCS and further determine the time-frequency resource occupied by each broadcast message and service data packet. The total time-frequency resources minus the overhead of SSB, SIB1, SIB19, etc. are the available resources for traffic service. When assuming there are X users within a beam footprint, the total traffic volume for the current beam footprint can be derived based on the traffic model. Then, N3 can be obtained according to the ratio of the available time-frequency resources for traffic service to the total traffic volume per beam footprint. Furthermore the value of N2 can be derived.
We have evaluated the following cases with specific configurations as shown in the table below:
Table 4 Parameter configuration and assumption for system level evaluation
	
	Case1
	Case2
	Case3
	Case4
	Case5
	Case6
	Case7
	Case8

	Active beams
	16
	16
	16
	16
	106
	106
	106
	106

	Period of SSB
	20ms
	320ms
	20ms
	320ms
	20ms
	40ms
	20ms
	40ms

	Period of SIB
	320ms
	320ms
	320ms
	320ms
	160ms
	160ms
	160ms
	160ms

	Traffic type
	VOIP
	VOIP
	IM
	IM
	VOIP
	VOIP
	IM
	IM

	Users per users(X)
	10
	10
	1
	1
	10
	10
	1
	1

	Beam hopping
	off
	on
	off
	on
	off
	on
	off
	on



The evaluation results are shown in the following table:
Table 5 Parameter configuration for link budget analysis （FR1 S-band）
	
	Case1
	Case2
	Case3
	Case4
	Case5
	Case6
	Case7
	Case8

	N1
	993
	33
	993
	33
	633
	209
	633
	209

	N2
	0
	824
	0
	965
	0
	0
	0
	581

	N3
	64
	200
	64
	59
	424
	848
	424
	267

	Coverage ratio （N2+N3/ total beam footprints）
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]6%
	96.9%
	6%
	96.9%
	40%
	80.2%
	40%
	80.2%

	Resource utilization
	28.5%
	100%
	66.3%
	99.6%
	39%
	98%
	94.2%
	99.9%


Observation 2: In realistic deployment of LEO 600km at FR1, if one satellite can provide 16 beams activation, the coverage ratio can be optimized from 6% to 96.9%.
Observation 3: In realistic deployment of LEO 600km at FR1, if one satellite can provide 106 beams activation, the coverage ratio can be optimized from 40% to 80.2%.

According to the above evaluation results, the introduction of beam hopping mechanism can effectively improve the coverage. Downlink coverage enhancement at the system level should be based on the beam hopping mechanism. Under the condition that the number of beams activated at the same time is constant, the beam hopping mechanism can be realized by extending the SSB period. At this time, the working mechanism of each activated beam is shown in Figure 1.
Proposal 6: The beam hopping mechanism with SSB periodicity extension can effectively improve satellite coverage and should be considered in system level enhancement.



[bookmark: _Ref162862849][bookmark: OLE_LINK22][bookmark: OLE_LINK23]Figure 3 Beam hopping working mechanism
0. Link level evaluation
2. Link budget analysis
	RAN1 #116 Agreement
DL coverage is evaluated at link level with the following considerations:
· NGSO at LEO-600 operating in FR1 is considered in priority
· Additional satellite payload parameters defined for system level evaluation are used
· FFS: Antenna gain reduction due to steering loss can be considered 



For link budget calculation, NGSO at LEO-600 operating in FR1 is considered in priority. The link budget results are shown in table 6 for FR1. The handheld terminal is used for FR1 and antenna gain is assumed to be -5.5dBi. Since the satellite EIRP density does not change, even if the bandwidth is reduced from 30M to 5M, the link budget result of CNR is still -1.9dB. 
Table 4 Parameter configuration for link budget analysis （FR1 S-band）
	Parameters
	LEO-600km set1

	Carrier frequency
	2 GHz (S-band)

	Channel bandwidth
	5MHz

	Satellite altitude
	600 km

	Target elevation angle
	30

	Atmospheric loss
	0.1 dB

	Shadowing margin
	3 dB

	Scintillation loss
	2.2 dB

	Additional loss
	0 dB

	Free space path loss
	159.1 dB

	Satellite EIRP density
	34 dBW/MHz

	TX: EIRP
	41 dBW

	G/T
	-37.1 dB/K

	Polarization loss
	3 dB

	CNR
	-1.9 dB


 
Proposal 7: For link level evaluation, it is suggested to take the table 4 as the baseline for link budget analysis.
2. Initial performance evaluation
	RAN1 #116 Agreement

For link-level study, for NR NTN DL coverage enhancement, the following channels/signals can be considered for evaluations:
· PDSCH for VoIP
· PDSCH for low data rate service
· PDSCH Msg.2
· PDSCH Msg.4
· PDSCH carry SIB, e.g., SIB1, SIB 19
· PDSCH for paging
· PDCCH
· Broadcast PDCCH (e.g. PDCCH of Msg.2, paging)
· SSB
Note: RAN1 will aim to identify necessary link-level enhancements for these channels in the study phase. At the end of the study phase, RAN1 will further discuss whether the potential link-level enhancements will be specified within Rel-19 framework.

For DL coverage performance evaluation, the following are assumed for all channels/signals
· Channel model/Delay spread:
· Channel model as in Table 6.1.2-4 of TR38.821, NTN-TDL-C (LOS)
· Evaluation scenario:
· Rural (LOS)
· Channel estimation: Realistic estimation:
· Companies are encouraged to report channel estimation method.
· SCS:
· 15 kHz only
· UE speed: 3 km/h
· Frequency drift: TBD
· Frequency offset: 0.1 ppm



The downlink channels related to initial access should be evaluated carefully to ensure smooth access for users at the coverage edge. The downlink channels evaluated in this section include SSB, PDCCH and PDSCH. Although enhancement is not considered for the SSB channel, its performance needs to be evaluated to determine the target after enhancement of other downlink channels.
· SSB
· PDCCH
· Broadcast PDCCH (e.g. PDCCH of Msg.2, paging)
· PDSCH for VoIP
· PDSCH for low data rate service
· PDSCH Msg.2
· PDSCH Msg.4
· PDSCH carry SIB, e.g., SIB1, SIB 19
· PDSCH for paging
The common assumptions for evaluation are shown in Table 7. The coverage enhancement is mainly aimed at FR1, so the subcarrier space is configured to be 15 kHz. The channel model is slected as NTN-TDL-C, and the specific parameters can be referred to TR 38.811. The handheld terminal is equipped with two receiving antennas.
[bookmark: _Ref110523667]Table 5: Evaluation assumptions for all channels/signals
	Conditions
	Value

	Channel model
	NTN-TDL-C (LOS)

	Delay spread
	100ns

	SCS
	15kHz

	UE Antenna type and configuration
	1 TX / 2RX with omni-directional antenna element



SSB
For coverage evaluation of SSB in NR NTN, the following table is assumed.
[bookmark: _Ref162548492]Table 6: SSB parameters assumption
	Parameter
	Value

	PRBs
	20

	Frequency
	2 GHz

	Max Doppler shift
	2kHz(1.05 ppm) with pre-compensation
24 ppm without pre-compensation   



The performance of SSB should be used as a baseline for subsequent studies; if the SSB channel does not work properly, the enhancement of subsequent messages becomes meaningless. Based on simulation assumptions shown in Table 6, if SSB cannot be conbined, SSB detection requires SNR about -5.5 dB to achieve missed detection 10-2. Compared to the link budget results of CNR=-1.9dB, SSB channel has a link margin of 3.6dB.
Table 7 Link margin of SSB for each case 
	CNR
LEO-600km set1
	Required SNR
	Link margin

	-1.9 dB
	-5.5 dB
	3.6dB



In LEO scenario, the satellite is fast moving, causing large Doppler shift. In this case, SSB detection is hard to use multiple combinations due to larger Doppler shift if without priori ephemeris information. At most, it will reach to 24 ppm. 

Observation 4: SSB detection requires SNR about -5.5 dB, with 3.6 dB margin compared to CNR for LEO-600km set1. 
Observation 5: SSB combination is not suitable in the initial access due to larger Doppler shift.
0.2.1.1 PDCCH
For coverage evaluation of broadcast PDCCH and PDCCH in NR NTN, the Table7 and Table8 are assumed.
Table 9: Broadcast PDCCH/PDCCH parameters assumption
	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Aggregation level
	8

	Payload
	37 bits/80bits

	CORESET size
	2 symbols, 24 PRBs

	Rx antenea
	2Rx

	BLER
	1% BLER



[image: ]
[bookmark: _Ref162614623]Figure 4 Broadcast PDCCH/PDCCH performances under different SNR
Figure 4 is the performance simulation results of broadcast PDCCH and PDCCH under the bandwidth constraint of 5MHz respectively. According to this result and the link budget, under the channel condition of NTN-TDL-C, the SNR of broadcast PDCCH with a payload of 37bit (including PDCCH for Msg2 and PDCCH for Pagging) meeting the needs of BLER 10-2 is -7.9dB, and the SNR of PDCCH with a payload of 80bit is -5.4dB. PDCCH channels can meet the link budget result of CNR=-1.9dB, and do not require link-level enhancement.
Table 10 Link margin of PDCCH for each case 
	Cases
	CNR
	Required SNR
	Link margin

	LEO-600km set1
	Broadcast PDCCH
37bit
	-1.9dB
	-7.9 dB
	6.0 dB

	
	PDCCH
80bit
	
	-5.4 dB
	3.5 dB



Observation 6: PDCCH channels can meet the link budget result of CNR=-1.9dB, and do not require link-level enhancement.  
PDSCH
For coverage evaluation of PDSCH in NR NTN, the following table is assumed.
Table 10: Msg2 PDSCH parameters assumption
	Parameter
	Value

	BLER
	10% without HARQ

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	no HARQ

	DMRS configuration
	2 DMRS symbol

	Frequency offset
	200Hz(0.1 ppm)



Since the channel bandwidth is configured to 5MHz, the maximum bandwidth of the DL physical channel is simulated in terms of 24 PRBs. The transfer block size of each PDSCH case is shown in the table. Limited by bandwidth, the transmission block size of some cases cannot meet the requirements of MCS0. 
PDSCH cases with MCS0, the SNR required is -6.3dB to achieve a BLER 10-1, such as PDSCH for VoIP, PDSCH for low data rate service (3kbps), PDSCH Msg.2, PDSCH for paging. 
PDSCH cases with MCS2, the SNR required is -4.6dB to achieve a BLER 10-1, such as PDSCH for low data rate service(1Mbps) and PDSCH Msg.4. PDSCH cases with MCS3, the SNR required is -3.5dB to achieve a BLER 10-1, such as PDSCH carry SIB1 and PDSCH carry SIB19. 
Based on the above analysis, all cases of PDSCH can meet the CNR requirements of LEO-600km set1 for FR1. PDSCH channels can provide a link margin of at least 1.6 dB, and do not require link-level enhancement.
Table 11 Link margin of PDSCH for each case 
	Case
	TB size
	MCS
	Required SNR
	CNR
	Link margin

	PDSCH for VoIP
	184 bit
	MCS0
120/1024 QPSK
	-6.3dB
	-1.9dB
	4.4dB

	PDSCH for low data rate service
(3kbps)
	96 bit
	MCS0
120/1024 QPSK
	-6.3dB
	-1.9dB
	4.4dB

	PDSCH for low data rate service
(1Mbps)
	1024 bit
	MCS2
193/1024 QPSK
	-4.6dB
	-1.9dB
	2.7dB

	PDSCH Msg.2
	64 bit
	MCS0
120/1024 QPSK
	-6.3dB
	-1.9dB
	4.4dB

	PDSCH Msg.4
	1040 bit
	MCS2
193/1024 QPSK
	-4.6dB
	-1.9dB
	2.7dB

	PDSCH carry SIB1
	1480 bit
	MCS3
251/1024 QPSK
	-3.5dB
	-1.9dB
	1.6dB

	PDSCH carry SIB19
	1571 bit
	MCS3
251/1024 QPSK
	-3.5dB
	-1.9dB
	1.6dB

	PDSCH for paging
	200 bit
	MCS0
120/1024 QPSK
	-6.3dB
	-1.9dB
	4.4dB



Observation 7: All cases of PDSCH can meet the link budget result of CNR=-1.9dB, and do not require link-level enhancement.

Based on the evaluation result, the necessarity of link level enhancement based on the configuration of Set 1-1 and Set 1-2 seems not be justified. For the configuration of Set 1-3 it will require SSB re-design since we can’t assume SSB combination is beneficial in the initial access stage.
Proposal 8: Link level enhancement seems not be urgent from the evalution result.
1 Conclusion
In this contribution we analyse the reference satellite configuration. The downlink enhancement requirements are analyzed from the link level and system level. We have the following proposals:

System level proposals:
Proposal 1: For downlink coverage enhancement, scenarios of Set 1-1 and Set 1-2 should be prioritized.
Proposal 2: Satellite parameters in TR 38.821 can be reused for LEO600km Set1 in FR2 and Table 2 can be adopted.
Proposal 3: Traffic type of IM and VoIP should be prioritized for evaluation.
Proposal 4: For satellites with multiple physical beams, a reasonable beam scheduling scheme needs to be designed to reduce the interference.
Proposal 5: For satellites with multiple physical beams, the introduction of frequency reuse technology should be taken into account to reduce the interference.
Proposal 6: The beam hopping mechanism with SSB periodicity extension can effectively improve satellite coverage and should be considered in system level enhancement.

Link level proposals:
Proposal 7: For link level evaluation, it is suggested to take the table 4 as the baseline for link budget analysis.
Proposal 8: Link level enhancement seems not be urgent from the evalution result.

Meanwhile some observations are listed as follows.
For system evaluation:
Observation 1: Under the random beam scheduling method, the interference is more severe when the number of physical beams is 106 compared to that of 16 physical beams.
Observation 2: In realistic deployment of LEO 600km at FR1, if one satellite can provide 16 beams activation, the coverage ratio can be optimized from 6% to 96.9%.
Observation 3: In realistic deployment of LEO 600km at FR1, if one satellite can provide 106 beams activation, the coverage ratio can be optimized from 40% to 80.2%.


For link level evaluation: 
Observation 4: SSB detection requires SNR about -5.5 dB, with 3.6 dB margin compared to CNR for LEO-600km set1. 
Observation 5: SSB combination is not suitable in the initial access due to larger Doppler shift.
Observation 6: PDCCH channels can meet the link budget result of CNR=-1.9dB, and do not require link-level enhancement.
Observation 7: All cases of PDSCH can meet the link budget requirement of CNR=-1.9dB, and do not require link-level enhancement.
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3 Appendix-1(Tables from TR38.821and RP-220590)
Table 6.1.1.1-1: Set-1 satellite parameters for system level simulator calibration
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	22 m
	2 m
	2 m

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

	Satellite Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	3dB beamwidth
	
	0.4011 deg
	4.4127 deg
	4.4127 deg

	Satellite beam diameter (Note 2)
	
	250 km
	90 km
	50 km

	Equivalent satellite antenna aperture (Note 1)
	Ka-band
(i.e. 20 GHz for DL)
	5 m
	0.5 m
	0.5 m

	Satellite EIRP density
	
	40 dBW/MHz
	10 dBW/MHz
	4 dBW/MHz

	Satellite Tx max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi

	3dB beamwidth
	
	0.1765 deg
	1.7647 deg
	1.7647 deg

	Satellite beam diameter (Note 2)
	
	110 km
	40 km
	20 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 
(i.e. 2 GHz)
	22 m
	2 m
	2 m

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

	Satellite Rx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	3.33 m
	0.33 m
	0.33 m

	G/T
	
	28 dB K-1
	13 dB K-1
	13 dB K-1

	Satellite RX max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi

	NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of [2].
NOTE 2: This beam size refers to the Nadir pointing of the satellite 
NOTE 3: All these satellite parameters are applied per beam.
NOTE 4: The EIRP density values are considered identical for all frequency re-use factor options.
NOTE 5: The EIRP density values are provided assuming the satellite HPA is operated with a back-off of [5] dB.



Table 6.1.1.1-2: Set-2 satellite parameters for system level simulator calibration
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	12 m
	1 m
	1 m

	Satellite EIRP density
	
	53.5 dBW/MHz
	34 dBW/MHz
	28 dBW/MHz

	Satellite Tx max Gain
	
	45.5 dBi
	24 dBi
	24 dBi

	3dB beamwidth
	
	0.7353 deg
	8.8320 deg
	8.8320 deg

	Satellite beam diameter (Note 2)
	
	450 km
	190 km
	90 km

	Equivalent satellite antenna aperture (Note 1)
	Ka-band
(i.e. 20 GHz for DL)
	2 m
	0.2 m
	0.2 m

	Satellite EIRP density
	
	32 dBW/MHz
	2 dBW/MHz
	-4 dBW/MHz

	Satellite Tx max Gain
	
	50.5 dBi
	30.5 dBi
	30.5 dBi

	3dB beamwidth
	
	0.4412 deg
	4.4127 deg
	4.4127 deg

	Satellite beam diameter (Note 2)
	
	280 km
	90 km
	50 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band
(i.e. 2 GHz)
	12 m
	1 m
	1 m

	G/T
	
	14 dB K-1
	-4.9 dB K-1
	-4.9 dB K-1

	Satellite Rx max Gain
	
	45.5 dBi
	24 dBi
	24 dBi

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	1.33 m
	0.13 m
	0.13 m

	G/T
	
	20 dB K-1
	5 dB K-1
	5 dB K-1

	Satellite Rx max Gain
	
	50.5 dBi
	30.5 dBi
	30.5 dBi

	NOTE 1:	This value is equivalent to the antenna diameter in Sec. 6.4.1 of [2].
NOTE 2:	This beam size refers to the Nadir pointing of the satellite 
NOTE 3:	All these satellite parameters are applied per beam.
NOTE 4:	The EIRP density values are considered identical for all frequency re-use factor options.



Table 6.1.1.1-3: UE characteristics for system level simulations
	Characteristics
	VSAT (Note 2)
	Handheld
	Other (Note 1)

	Frequency band
	Ka band(i.e. 30 GHz UL and 20 GHz DL)
	S band (i.e. 2 GHz)
	Ka band(i.e. 30 GHz UL and 20 GHz DL)

	Antenna type and configuration
	Directional
Section 6.4.1 of [2] with 60 cm equivalent aperture diameter
	[bookmark: OLE_LINK8][bookmark: OLE_LINK9](1, 1, 2) with omni-directional antenna element

	Directional
(M,N,P,Mg,Ng) = (TBD,TBD,2,1,1); (dV,dH) = (TBD, TBD)λ with directional antenna element (HPBW=65 deg)

	Polarisation
	circular
	Linear: +/-45°X-pol
	Linear: +/-45°X-pol

	Rx Antenna gain 
	39.7 dBi 
	0 dBi per element
	TBD dBi per element

	Antenna temperature
	150 K
	290 K
	TBD K

	Noise figure
	1.2 dB
	7 dB
	TBD dB

	Tx transmit power
	2 W (33 dBm)
	200 mW (23 dBm)
	[TBD W (TBD dBm)]

	Tx antenna gain
	43.2 dBi
	0 dBi per element
	TBD dBi per element

	NOTE 1:	Moving platforms (e.g., aircrafts, vessels), building mounted devices. These values are provided for information.
NOTE 2:	VSAT terminal characteristics could be implemented with phased array antenna



Table 6.1.1.1-8: Impairments due to satellite payload and satellite movement
	
	S-band
	Ka-band

	Phase noise model (Note 2)
	Optional
	Phase noise profile according to TR38.803

	On-board oscillator long-term drift (Note 3)
	[0.5] ppm
	[0.5] ppm

	Max Doppler shift (Note 1)
	Scenario A: 0.15 ppm
Scenario C2/D2:
●	1200 km: 20 ppm
●	600 km: 24 ppm

	Max Doppler shift if pre/post compensation mechanism is assumed at satellite payload side
	Scenario A: n/a
Scenario C2/D2:
●	Satellite alt. = 1200 km
-	beam diameter = 90 km (Set 1 - S-band): 0.91 ppm
-	beam diameter = 40 km (Set 1 - Ka-band): 0.40 ppm
-	beam diameter = 190 km (Set 2 - S-band): 1.91 ppm
-	beam diameter = 90 km (Set 2 - Ka-band): 0.91ppm
-	beam diameter = 1000 km (Max beam foot print size): 9.17ppm

●	Satellite alt. = 600 km
-	beam diameter = 50 km (Set 1 - S-band): 1.05 ppm
-	beam diameter = 20 km (Set 1 - Ka-band): 0.42 ppm
-	beam diameter = 90 km (Set 2 - S-band): 1.88 ppm
-	beam diameter = 50 km (Set 2 - Ka-band): 1.05 ppm
-	beam diameter = 1000 km (max beam foot print size): 15.82 ppm

	Max Doppler rate
	Scenario A: n/a
Scenario C2/D2:
●	0.09 ppm/s for 1200 km satellite altitude
●	0.27 ppm/s for 600 km satellite altitude

	NOTE 1:	Min. Elevation angle for both sat- user equipment is equal to 10 degree.
NOTE 2:	For regenerative scenario, this can be considered as the phase noise model for the gNB. For transparent scenarios, it should be considered as an additional phase noise w.r.t the phase noise generated by the gNB and the UE.
NOTE 3:	These values are provided for information only and have not been considered in Radio Layer 1 analysis for the following reasons: 1) In the cases where transparent satellite payload are considered, it is assumed that the gNB can detect the frequency shift due to on -board oscillator long-term drift and compensate for it. 2) In the cases where regenerative satellite payload are considered, it is assumed that the on -board oscillator drift is sufficiently decreased to become negligible.



4 Appendix-2(Channel models from TR38.811)

Table 6.9.2-3. NTN-TDL-C at elevation 
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.394
	LOS path

	
	0
	-10.618
	Rayleigh

	2
	14.8124
	-23.373
	Rayleigh

	NOTE:	The first tap follows a Ricean distribution with a K-factor of K1 = 10.224 dB and a mean power of 0 dB.



Here,  denotes the satellite elevation angle.
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