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In RAN#102, a new WID was defined for Non-Terrestrial Networks (NTN) for NR Phase 3. Downlink coverage enhancement is one of its objectives. Justification and objective for downlink coverage enhancement is captured as below [1]. 

Justification:
1) Offer optimized performance especially when addressing handset terminals (including smartphones with -5.5 dBi antenna gain) w.r.t. downlink coverage considering the NTN deployment constraints such as payload power limitation, large satellite foot print and limited feeder link bandwidth. DL coverage enhancements are needed to accommodate satellite payload constraints which may be unable to have all its beams active with the « nominal » EIRP density per beam (see Section 6.1.1 in TR 38.821) at a given time due to limited power and limited feeder link bandwidth, while maximizing the number of beams that can be activated simultaneously, and ensuring that all user terminals can be served across the satellite foot print while maximizing the overall satellite throughput and ensuring that all satellite’s radio cells are kept alive even without traffic but allowing new users to join or preventing impact on end-user QoS.

DL coverage enhancements can be considered at both
· Link level to improve the link margin of selected physical channels in order to accommodate the EIRP reduction in FR1-NTN. A link margin improvement for physical channels (e.g. PDSCH and PDCCH) may be considered without impact on SSB design. 
· System level to support an efficient dynamic and flexible power sharing between beams or different beam pattern/size (i.e., wide or narrow) across the satellite foot print for FR1-NTN and FR2-NTN.





Objective:
1. [bookmark: _Hlk153196886]Study and specify if beneficial downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN [RAN1, RAN2, RAN4]
· Define additional reference satellite payload parameters assuming power sharing among satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint, such that satellite beams may not all be simultaneously active or may be active below the nominal EIRP density per satellite beam (see section 6.1.1 in TR 38.821) due to limited power and limited feeder link bandwidth.
· Define the corresponding power sharing assumptions and necessary link level and system level evaluation methodology and relevant KPIs for evaluations of the coverage, to allow for identification of physical channels/signals and system-level aspects that need enhancements and the corresponding needed improvements.
· Study and if needed specify solutions, including link level enhancements for FR1-NTN (e.g. for PDCCH, PDSCH) and/or system level enhancements for FR1-NTN and/or FR2-NTN, allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint.
· Notes for this objective:
· SSB channel enhancement is not considered
· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is assumed to be a full duplex UE, and at least 2Rx are considered at the UE
· NGSO to be considered in priority: LEO Set-1 @ 600 km
· Rel-18 network energy saving techniques should be considered as baseline in the system level study

In RAN1#116, the following agreements were made [2]:

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:

	 LEO600km Set1-1 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

	SCS
	15 kHz

	Beam size(Note 1)
	50km

	Satellite EIRP density /beam (dBW/MHz)
	34

	Payload Total DL power level (dBW)
	31.24

	Aggregated EIRP (Total) (dBW)
	61.24*

	Satellite Tx max Gain
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	41

	Total number of beam footprints***
	1058

	Total number of simultaneously active beams **
	106

	% simultaneously active beams**
	10.02 %

	*Note: EIRP limit is 61.24 dBm for the reference configuration. 
**Assuming 100 % Resource Block utilization within the same beam at max power. Absolute number of simultaneously active beams is up to 212 (due to limitation of RF) 
*** For a constellation design at 600km with low elevation angle with 30° and selected (i.e Set 1 parameters) beam size
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies




	LEO600km Set1-2 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

	SCS
	15 kHz

	Beam size (note 1)
	50km

	Satellite EIRP density /beam (dBW/MHz)
	34

	Payload Total DL power level (dBW)
	23

	Aggregated EIRP (Total) (dBW)
	53*

	Satellite Tx max Gain
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	41

	Total number of beam footprints
	1058

	Total number of simultaneously active beams**
	16

	% simultaneously active beams**
	1.5 %

	*Note: EIRP limit is 53 dBm for the reference configuration. 
**Absolute number of simultaneously active beams is up to 16 (due to limitation of RF)
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies




	LEO600km Set 1-3 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

	SCS
	15 kHz

	Beam size (note 1)
	50km

	Satellite EIRP density /beam (dBW/MHz)
	26

	Payload Total DL power level (dBW)
	23.24

	Aggregated EIRP (Total) (dBW)
	53.24*

	Satellite Tx max Gain
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	33

	Total number of beam footprints
	1058

	Total number of simultaneously active beams**
	106

	% simultaneously active beams**
	10.02 %

	*Note: EIRP limit is 53.24 dBm for the reference configuration. 
**Absolute number of simultaneously active beams is up to 212 (due to limitation of RF)
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies



Note: RAN1 will aim to identify necessary enhancements for these scenarios in the study phase. At the end of the study phase, RAN1 will further discuss whether the potential enhancements will be specified within Rel-19 framework.

Agreement
For DL coverage study at system level, consider the following additional reference satellite payload parameters for LEO600km in FR2 (i.e., Ka-band):

	LEO600km Set1-1 FR2 (i.e., Ka-band)

	Maximum Bandwidth per beam
	400 MHz

	SCS
	120 kHz

	Beam size
	TBD in next meeting

	Satellite EIRP density /beam (dBW/MHz)
	

	Payload Total DL power level (dBW)
	

	Aggregated EIRP (Total) (dBW)
	

	Satellite Tx max Gain
	

	EIRP per Satellite beam (dBW)
	

	Total number of beam footprints
	800 (note 1)

	Total number of simultaneously active beams
	12

	% simultaneously active beams
	1.5 %

	Note 1: A typical deployment scenario in FR2 should consider 800 satellites beams per a single satellite coverage area with an absolute number of simultaneously active beams equal to 16 (due to limitation of RF)





Agreement
Adopt the following phased array antenna parameters for LEO 600km in FR1:
	Satellite phased array antenna Characteristics
	LEO-600

	Orbit
	LEO-600km

	Frequency range/band
	FR1/S-Band

	Antenna element pattern
	Table7.3-1 in TR 38.901

	Horizontal/vertical 3 dB beam width of single element (degree)
	[65] for H
[65] for V

	Antenna polarization
	Circular (RHCP or LHCP)

	Number of antenna elements 
	[400 elements (20 x 20)]

	Equivalent satellite antenna aperture
	2m

	Element maximum gain
	4 dBi

	Antenna maximum gain
	30 dBi

	Steering loss at 30° elevation angle 
	[4dB]



Agreement
RAN1 to consider the following performance metrics for DL Coverage enhancement evaluation at system level:
At least:
· CDF of the received SINR
· The dwell time and revisit time interval for each beam illumination across the coverage
· Periodicity of common control channels (e.g. SSB, CORESET0/SIB1, SIB19) and corresponding coverage ratio

Other metrics may be reported such as
· CDF of the cell throughput
· CDF of user perceived throughput (UPT)
· CDF of Latency
· Ratio of mean served cell throughput and offered cell throughput, denoted by 𝜌 (refer to TR36.889)

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.

Agreement
For NR NTN Rel-19 DL coverage evaluation, UE characteristics for handheld terminals in Table 6.1.1.1-3 in TR 38.821 can be reused, with the following:
· -5.5 dBi antenna gain is assumed
· at least 2Rx are considered at the UE
· 4Rx can be optionally considered and reported 
Note: Redcap device is not considered in the scope of DL coverage study


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
	



Agreement
For NR NTN Rel-19 DL coverage evaluation, Beam layout defined in Table 6.1.1.1-4 in TR 38.821 can be reused.
· Using other beam layouts is not precluded, and should be reported by companies


Agreement
For NR NTN Rel-19 DL coverage evaluation, a value of beam steering latency equal to 0 at least if phase array antenna is assumed.
Values different from 0 can be optionally reported

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 

Agreement
For the evaluation of NTN downlink coverage at link level, reuse the target data rate from Rel-18 NTN Coverage enhancements:
· For VoIP: AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) with 20 ms data arriving interval 
· For data rate service: both 3 kbps and 1Mbps can be considered
· Companies can also use the data rates corresponding to the traffic types used for system level evaluations

Agreement
For link-level study, downlink coverage performance in NR NTN is evaluated according to the following steps.
Step 1: CNR is calculated as defined in 6.1.3.1 of TR 38.821
Step 2: Required SNR of target service is evaluated by LLS
Step 3: The CNR and the required SNR are compared

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.

Agreement
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


Agreement
For link budget calculation, parameters in the following table are assumed:

	Parameters
	

	Carrier frequency
	2 GHz for DL (S-band)

	Satellite altitude
	600 km

	Target elevation angle
	30° (LEO)

	Atmospheric loss
	Equation (6.6-8) in [38.811]

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in [38.811]
Ionospheric loss: = 2.2 dB
Tropospheric loss: Table 6.6.6.2.1-1 of [38.811]

	Additional loss
	0 dB 

	Clear sky conditions
	Yes

	Satellite antenna polarization
	Circular polarization

	Terminal type
	[S band: (M, N, P) = (1,1,2)]

	UE antenna gain
	-5.5dBi

	Free space path loss
	Equation (6.6-2) in [38.811]

	Polarization loss
	3dB

	Outcome
	CNR





Based on previous achievements, we further discuss NTN downlink coverage enhancement in this contribution.


2. Discussion

2.1 Parameters and assumptions in FR1 

For LEO600km in FR1 (i.e., S-band), the additional reference satellite parameters were agreed in RAN1#116, as summarized in the following table. For Set1-1 FR1 and Set1-2 FR1, EIRP density per beam is 34 dBW. For Set1-3 FR1, EIRP density per beam is 26 dBW, which is 8 dB lower than the former. 


	
	LEO600km Set1-1 FR1 (i.e., S-band)
	LEO600km Set1-2 FR1 (i.e., S-band)
	LEO600km Set 1-3 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz
	5 MHz
	5 MHz

	SCS
	15 kHz
	15 kHz
	15 kHz

	Beam size(Note 1)
	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%
	1.50%
	10.02%




Other assumed parameters for downlink link budget calculation are summarized in the table below.


	Satellite orbit
	LEO-600km

	Elevation angle (degree)
	30

	Frequency (GHz)
	2

	Atmospheric loss (dB)
	0.1

	Shadow fading margin (dB)
	3

	Scintillation Loss (dB)
	2.2

	Polarization loss (dB)
	3

	Additional losses (dB)
	0

	Steering loss (dB)
	0 to 4 

	UE antenna gain (dBi)
	-5

	UE Noise Figure (dB)
	7

	RX G/T (dB/T)
	-36.6




2.2 CNR for 30 degree elevation angle

With above parameters and assumptions, link budget can be calculated. The outcome (CNRs) are listed as below. 

Observation 1: For LEO600km in FR1 (i.e., S-band), when elevation angle is 30 degree, CNR at the receiver are as following:

	
	LEO600km Set 1-1 FR1 (i.e., S-band)
	LEO600km Set 1-2 FR1 (i.e., S-band)
	LEO600km Set 1-3 FR1 (i.e., S-band)

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

	CNR (dB) 
without considering steering loss
	-1.4
	-9.4

	CNR (dB) 
With steering loss = 4dB
	-5.4
	-13.4





2.3 Required SNR

For link level study, some channel performance are evaluated through link level simulation. The required SNR are listed in the table below.

	Channels/Signals
	Required SNR

	SSB
(2RX, 4 combination, 1% BLER)
	-9.2

	PDSCH for VoIP
(3 PRB, 20 repetitions, 2% BLER)
	-9.0

	PDSCH for 3kbps low data rate
(2 PRB, 32 repetitions, 10% BLER)
	-13.0

	PDSCH for 120 kbps data rate
(25 PRB, 8 repetitions, 10% BLER)
	-11.0




Observation 2: Required SNR for PDSCH can be as low as from -9.0 to -13dB. But the required SNR for SSB does not have much flexibility.


2.4 Coverage capability

Comparing the required SNR with the CNR for 30 degree elevation angle, For Set 1-1 FR1 and Set 1-2 FR1, CNR can be met the SNR requirement. But Set 1-3 FR1 can not met. 

For Set 1-3 FR1, if smaller coverage scope (higher elevation angle) or higher beam EIRP density is considered, the shortage in link budget can be mitigated.

Observation 3: Comparing the required SNR with the CNR for 30 degree elevation angle, For Set 1-1 FR1 and Set 1-2 FR1, CNR can be met the SNR requirement. But Set 1-3 FR1 can not met.

Proposal 1: For Set 1-3 FR1, consider smaller coverage scope (higher elevation angle) or higher EIRP density to mitigate the shortage in link budget.



2.5 CNR variation with elevation angle

For system level evaluation on cell throughput, the simultaneously active beams is assumed to have different steering angles, i.e., some beams have high elevation angle (with better link budget), while some have low elevation angle (with worse link budget). Different CNRs for different elevation angles are observed as below.

Observation 4: For LEO600km in FR1 (i.e., S-band), when elevation angles are 30, 60 and 90 degree, CNRs are as following:

	
	LEO600km Set 1-1 FR1 (i.e., S-band)
	LEO600km Set 1-2 FR1 (i.e., S-band)
	LEO600km Set 1-3 FR1 (i.e., S-band)

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

	CNR (dB) 
when elevation angle = 30deg,  steering loss = 4dB
	-5.4
	-13.4

	CNR (dB) 
when elevation angle = 60deg,  steering loss = 2dB
	0.5
	-7.5

	CNR (dB) 
when elevation angle = 90deg,  steering loss = 0dB
	3.7
	-4.3




2.6 Throughput

Without considering interference among simultaneously active beams, throughput per beam can be derived from the bandwidth and spectrum efficiency at the CNR. In the evaluation, channel over head (OH=0.14) and bandwidth utilization coefficiency (0.95) are assumed. The throughput are summarized in the following table. 

	
	LEO600km Set 1-1 FR1 (i.e., S-band)
	LEO600km Set 1-2 FR1 (i.e., S-band)
	LEO600km Set 1-3 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

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

	Throughput /Beam (Mbps) 
when elevation angle = 30deg,  steering loss = 4dB
	1.10
	0 or very low

	Throughput /Beam (Mbps)
when elevation angle = 60deg,  steering loss = 2dB
	3.58
	0.62

	Throughput /Beam (Mbps)
when elevation angle = 90deg,  steering loss = 0dB
	4.54
	1.35

	Throughput /Beam (Mbps)
(Average) (without considering interference)
	3.07
	0.66




The cell throughput is proportional to the number of simultaneously active beams. If interference among simultaneously active beams is taken into consideration, throughput will decrease. The more beams, the greater the impact on the throughput. The table below presents some rough estimation on cell throughput. More accurate result requires further simulations.

Observation 5: For LEO600km in FR1 (i.e., S-band), evaluation results on cell throughput are as below:

	
	LEO600km Set1-1 FR1 (i.e., S-band)
	LEO600km Set1-2 FR1 (i.e., S-band)
	LEO600km Set 1-3 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz
	5 MHz
	5 MHz

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

	Total number of simultaneously active beams
	106
	16
	106

	Throughput /Beam (Mbps)
(Average) (without considering interference)
	3.07
	3.07
	0.66

	Throughput of the Cell (Mbps)
(Without considering beam interference)
	325.8
	49.2
	69.6

	Throughput of the Cell (Mbps)
(Considering beam interference, FFS)
	Far less than 325.8
	Less than 49.2 
	Far less than 69.6 





2.7 FR2 Parameters and assumptions 

In RAN1#116, additional reference satellite payload parameters for LEO600km in FR2  (i.e., Ka-band) were partly agreed, as below. 

Agreement
For DL coverage study at system level, consider the following additional reference satellite payload parameters for LEO600km in FR2 (i.e., Ka-band):


	LEO600km Set1-1 FR2 (i.e., Ka-band)

	Maximum Bandwidth per beam
	400 MHz

	SCS
	120 kHz

	Beam size
	TBD in next meeting

	Satellite EIRP density /beam (dBW/MHz)
	

	Payload Total DL power level (dBW)
	

	Aggregated EIRP (Total) (dBW)
	

	Satellite Tx max Gain
	

	EIRP per Satellite beam (dBW)
	

	Total number of beam footprints
	800 (note 1)

	Total number of simultaneously active beams
	12

	% simultaneously active beams
	1.5 %

	Note 1: A typical deployment scenario in FR2 should consider 800 satellites beams per a single satellite coverage area with an absolute number of simultaneously active beams equal to 16 (due to limitation of RF)




We will discuss in more detail based on this agreement.

1) As for the number of simultaneously active beams, there is inconsistency in the table (which says 12) and Note 1 (which says 16). In our view, the number of simultaneously active beams equal to 12 is preferred considering the limitation of RF power.

2) As for the beam size and satellite Tx max gain, we prefer keeping the values in Table 6.1.1.1-1 in TS38.821, i.e., beam size is 20km, satellite Tx max gain is 38.5 dBi.

3) We propose two options for the satellite EIRP density per beam: 34 and 26 dBW/MHz. 

If EIRP density per beam is 34 dBW/MHz, then the EIRP per beam is 60.0dBW for 400MHz bandwidth, aggregated EIRP is 70.8 dBW for 12 simultaneously active beams, total DL power level is 32.3dBW when TX gain is 38.5dBi.

If EIRP density per beam is 26 dBW/MHz, then the EIRP per beam is 52.0dBW for 400MHz bandwidth, aggregated EIRP is 62.8 dBW for 12 simultaneously active beams, total DL power level is 24.3dBW when TX gain is 38.5dBi.

Proposal 2: For DL coverage study at system level, consider the following additional reference satellite payload parameters for LEO600km in FR2 (i.e., Ka-band), referred to as Set1-1 FR2, Set1-2 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)
	34

	Payload Total DL power level (dBW)
	32.3

	Aggregated EIRP (Total) (dBW)
	70.8

	Satellite Tx max Gain (dBi)
	38.5

	EIRP per Satellite beam (dBW)
	60.0

	Total number of beam footprints
	800 (note 1)

	Total number of simultaneously active beams
	12

	% simultaneously active beams
	1.5 %

	






	LEO600km Set1-2 FR2 (i.e., Ka-band)

	Maximum Bandwidth per beam
	400 MHz

	SCS
	120 kHz

	Beam size
	20km

	Satellite EIRP density /beam (dBW/MHz)
	26

	Payload Total DL power level (dBW)
	24.3

	Aggregated EIRP (Total) (dBW)
	62.8

	Satellite Tx max Gain
	38.5

	EIRP per Satellite beam (dBW)
	52.0

	Total number of beam footprints
	800 (note 1)

	Total number of simultaneously active beams
	12

	% simultaneously active beams
	1.5 %

	





For LEO-600km FR2, other parameters for downlink link budget calculation are assumed in the table below. Note that for Ka-band, UE is assumed to be VSAT type, and its antenna gain is assumed to be as high as 33dBi.

Proposal 3: Assume the parameters for DL link budget for LEO600km in FR2 as below:

	Satellite orbit
	LEO-600km

	Elevation angle (degree)
	30

	Frequency (GHz)
	20

	Atmospheric loss (dB)
	1
(Equation (6.6-8) in [38.811])

	Shadow fading margin (dB)
	3

	Scintillation Loss (dB)
	Ionospheric loss= 0 dB
(6.6.6.1of [38.811])
Tropospheric loss=0.3dB
(Table 6.6.6.2.1-1 of [38.811])

	Polarization loss (dB)
	3 or 0
(depending on UE antenna type)

	Additional losses (dB)
	0

	Steering loss (dB)
	0 to 4 

	UE antenna gain (dBi)
	33

	UE Noise Figure (dB)
	7

	RX G/T (dB/T)
	1.38




2.8 FR2 Link budget

With above parameters and assumptions for LEO600km in FR2, link budget can be calculated and the outcome (CNRs) are listed as below. 

Observation 6: For LEO600km in FR2 (i.e., Ka-band), when elevation angle is 30 degree, CNR at the receiver are as below:

	
	LEO600km Set 1-1 FR2 (i.e., Ka-band)
	LEO600km Set 1-2 FR2 (i.e., Ka-band)

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

	[bookmark: _GoBack]CNR (dB) 
when elevation angle = 30deg,  steering loss = 4dB
Polarization loss =3dB
	13.6
	5.6

	CNR (dB) 
when elevation angle = 30deg,  steering loss = 4dB
Polarization loss =0dB
	16.6
	8.6



For the proposed Ka-band parameter sets and for VSAT UEs, link budget is adequate for all downlink channels/signals. The link is fit for high data rate transmission.

For evaluation with other types of UE (eg.with lower G/T value), further discussion can be done if necessary.



3. Conclusions

Observation 1: For LEO600km in FR1 (i.e., S-band), when elevation angle is 30 degree, CNR at the receiver are as following:

	
	LEO600km Set 1-1 FR1 (i.e., S-band)
	LEO600km Set 1-2 FR1 (i.e., S-band)
	LEO600km Set 1-3 FR1 (i.e., S-band)

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

	CNR (dB) 
without considering steering loss
	-1.4
	-9.4

	CNR (dB) 
With steering loss = 4dB
	-5.4
	-13.4




Observation 2: Required SNR for PDSCH can be as low as from -9.0 to -13dB. But the required SNR for SSB does not have much flexibility.

Observation 3: Comparing the required SNR with the CNR for 30 degree elevation angle, For Set 1-1 FR1 and Set 1-2 FR1, CNR can be met the SNR requirement. But Set 1-3 FR1 can not met.

Proposal 1: For Set 1-3 FR1, consider smaller coverage scope (higher elevation angle) or higher EIRP density to mitigate the shortage in link budget.

Observation 4: For LEO600km in FR1 (i.e., S-band), when elevation angles are 30, 60 and 90 degree, CNRs are as following:

	
	LEO600km Set 1-1 FR1 (i.e., S-band)
	LEO600km Set 1-2 FR1 (i.e., S-band)
	LEO600km Set 1-3 FR1 (i.e., S-band)

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

	CNR (dB) 
when elevation angle = 30deg,  steering loss = 4dB
	-5.4
	-13.4

	CNR (dB) 
when elevation angle = 60deg,  steering loss = 2dB
	0.5
	-7.5

	CNR (dB) 
when elevation angle = 90deg,  steering loss = 0dB
	3.7
	-4.3




Observation 5: For LEO600km in FR1 (i.e., S-band), evaluation results on cell throughput are as below:

	
	LEO600km Set1-1 FR1 (i.e., S-band)
	LEO600km Set1-2 FR1 (i.e., S-band)
	LEO600km Set 1-3 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz
	5 MHz
	5 MHz

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

	Total number of simultaneously active beams
	106
	16
	106

	Throughput /Beam (Mbps)
(Average) (without considering interference)
	3.07
	3.07
	0.66

	Throughput of the Cell (Mbps)
(Without considering beam interference)
	325.8
	49.2
	69.6

	Throughput of the Cell (Mbps)
(Considering beam interference, FFS)
	Far less than 325.8
	Less than 49.2 
	Far less than 69.6 




Proposal 2: For DL coverage study at system level, consider the following additional reference satellite payload parameters for LEO600km in FR2 (i.e., Ka-band), referred to as Set1-1 FR2, Set1-2 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)
	34

	Payload Total DL power level (dBW)
	32.3

	Aggregated EIRP (Total) (dBW)
	70.8

	Satellite Tx max Gain (dBi)
	38.5

	EIRP per Satellite beam (dBW)
	60.0

	Total number of beam footprints
	800 (note 1)

	Total number of simultaneously active beams
	12

	% simultaneously active beams
	1.5 %

	




	LEO600km Set1-2 FR2 (i.e., Ka-band)

	Maximum Bandwidth per beam
	400 MHz

	SCS
	120 kHz

	Beam size
	20km

	Satellite EIRP density /beam (dBW/MHz)
	26

	Payload Total DL power level (dBW)
	24.3

	Aggregated EIRP (Total) (dBW)
	62.8

	Satellite Tx max Gain
	38.5

	EIRP per Satellite beam (dBW)
	52.0

	Total number of beam footprints
	800 (note 1)

	Total number of simultaneously active beams
	12

	% simultaneously active beams
	1.5 %

	




Observation 6: For LEO600km in FR2 (i.e., Ka-band), when elevation angle is 30 degree, CNR at the receiver are as below:

	
	LEO600km Set 1-1 FR2 (i.e., Ka-band)
	LEO600km Set 1-2 FR2 (i.e., Ka-band)

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

	CNR (dB) 
when elevation angle = 30deg,  steering loss = 4dB
Polarization loss =3dB
	13.6
	5.6

	CNR (dB) 
when elevation angle = 30deg,  steering loss = 4dB
Polarization loss =0dB
	16.6
	8.6



For the proposed Ka-band parameter sets and for VSAT UEs, link budget is adequate for all downlink channels/signals. The link is fit for high data rate transmission.
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