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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
The objectives of downlink coverage enhancement in Rel-19 NR NTN objectives provided in [1]  are listed below.
	The objectives of the work item are the following:
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 this contribution, we will discuss the reference satellite payload parameters and evaluation methodology for downlink coverage including link level and system level.
2. Discussions
Evaluation methodology
In Rel-18 NTN coverage evaluation, satellite parameters per beam are defined as appendix A. The results of link budgets and link level simulation are for a single beam. Considering power sharing among satellite beams or different satellite beam patterns/size, it is required to define additional reference satellite payload parameters and necessary evaluation methodology to identify potential bottleneck physical channels/signals.
In our understanding, from the link level aspect, the results of link budgets and link level simulation in Rel-18 NTN coverage evaluation should be regarded as the starting point, as listed in appendix A. And in order to avoid heavy workload, the results should be reused as much as possible. From the system level aspect, the satellite aggregated power and the number or ratio of active beams in all satellites beams should be first discussed. To determine the number of all satellite beams, the target beams footprint size and the beam diameter for one beam should be discussed. 
Proposal 1: For evaluation methodology, RAN1 to discuss and deteremine the following parameters:
· the satellite aggregate power
· the target beams footprint size
· the beam diameter for one beam
· the number of active beams or the ratio of active beams from all satellite beams
According to WID, SSB channel enhancement is not considered. Legacy SSB design should remain unchanged, and no enhancement on SSB is expected. 
Observation 1: No enhancement on legacy SSB design is expected.

With the aspect of evaluation methodologies for power sharing, we have considered the following methodologies:
Methodology 1:
Under the assumption of the satellite aggregated power and the active beams, this methodology aims to firstly calculate the total loss per beam due to power sharing comparing to the nominal EIRP density per beam in Rel-18 NTN coverage evaluation, and then determine the link budget results of DL physical channels/signals to identify the performance gap.  
Step 1: Determine the total loss comparing to the nominal EIRP density(34dBW/MHz for set-1) per beam (see section 6.1.1 in TR 38.821) 
Firstly consider 1000km as the target beams footprint size(edge to edge) regardless of the elevation angle for LEO according to TR38.821 Table 4.2-2, and consider 50km as the beam diameter for FR1. 
Then the number of all beams under a single satellite for FR1 to cover the target beams footprint size can be determined as follows: 
D = 50km  = 43.3km,
N = 1000km/D ≈23,
𝑛=(𝑁−1)/2=11, 1+6×𝑛×(𝑛+1)/2≈397


Figure 1. example of beams footprint and beam coverage pattern
Thus, around 400 beams as the number of all beams would be needed.
Furthermore, the following assumption of satellite aggregate power and active beams are considered. 
· satellite aggregate power: 53dBW per 5MHz
In R18, 34 dBW/MHz is assumed as the total power with the assumption that a single beam is used. In R19, we consider 53dBW per 5MHz as satellite aggregated power, therefore, when a single beam is used, the satellite EIRP density for a single beam could be increased from 34 dBW/MHz to 46 dBW/MHz
· the ratio of active beams from all satellite beams: up to [10%] 
Consider that up to [10%] of all satellite beams can be simultaneously activated and the power is equally distributed over the active beams, 40 beams are activated and there would be almost 10*log10(40) = 16dB power reduction for EIRP density for FR1 due to the power sharing. 
In the end, the total loss for an active beam is 10*log10(40) – (46 – 34) = 4 dB.
Step 2: Reuse the link budget methodology in Rel-18 NTN coverage link budget evaluation, considering the total loss into the CNR
· Step 2-1: CNR is determined based on CNR defined in 6.1.3.1 of TR38.821 and the total loss due to power sharing 
· Step 2-2: Required SNR of target service is evaluated by LLS
· Step 2-3: Compare CNR and the required SNR 

Based on the methodology above and Rel-18 link budget evaluation in our contribution[2], we can obtain the evaluation results for DL coverage considering power sharing as followed. 
Table 1
	Results
	link budget CNR1
	consider the total loss into CNR1 to obtain CNR2
	LLS results SNR
	Performance gap SNR-CNR1
	Performance gap SNR-CNR2

	SSB
	-1.89
	-5.89
	-11.26
	-9.37
	-5.37

	PDCCH
	-1.89
	-5.89
	-8.56
	-6.67
	-2.67

	PDSCH-1Mbps
	-1.89
	-5.89
	-7.33
	-5.44
	-1.44

	PDSCH-3kbps
	-1.89
	-5.89
	-14.45
	-12.56
	-8.56

	PDSCH-Msg2
	-1.89
	-5.89
	-15.01
	-13.12
	-9.12

	PDSCH-Msg4
	-1.89
	-5.89
	-4.14
	-2.25
	1.75


It can be observed that PDSCH Msg4 would suffer 1.75dB performance gap if 4dB loss is considered which would be the bottleneck channel.
Observation 2: Base on methodology 1, PDSCH msg4 need to be enhanced if 4dB loss is considered.
Proposal 2: The following methodology 1 could be considered for Rel-19 NTN DL coverage evaluation. 
	Methodology 1:
Step 1: Determine the total loss comparing to the nominal EIRP density(34dBW/MHz for set-1) per beam (see section 6.1.1 in TR 38.821)
Step 2: Reuse the link budget methodology in Rel-18 NTN coverage link budget evaluation, considering the total loss into the CNR
· Step 2-1: CNR is calculated as defined in 6.1.3.1 of TR38.821 and the total loss due to power sharing.
· Step 2-2: Required SNR of target service is evaluated by LLS.
· Step 2-3: Compare the CNR and the required SNR.


Proposal 3: For methodology 1, the following assumptions could be considered. 
· the target beams footprint size: 1000km 
· the beam diameter for one beam: 50km for FR1
· the ratio of active beams from all satellite beams: 10%

Methodology 2:
From the objective,it is noted that SSB channel enhancement is not considered. In order to reuse the legacy SSB design, 20ms period SSB for initial access should remain unchanged, and the coverage of SSB should be guaranteed. In other words, the SSB should be time-swept in a period same as legacy(i.e., 20ms).
Step 1: use the link budget margin for SSB as the baseline, assuming the nominal EIRP density(34dBW/MHz for set-1) per beam and  UE with antenna gain of -5.5dBi. 
According to the link budget results in our contribution[2], the link budget margin for SSB is -1.89-(-11.26)=9.37dB. 
Step 2: determine the number of beams that can be simultaneously activated and the number of all satellite beams, based on the link budget margin for SSB.
If  9dB link budget margin is considered, 10^(9/10) = 8 beams can be simultaneously activated. In order to ensure that the period of sweeping activated beams in TDM way is 20ms, the ratio of active beams from all satellite beams should be 25%(i.e., 5ms half frame/20ms period), then it can be derived that that the number of all satellite beams is 32. 
Step 3: derive the target beams footprint size and the satellite aggregate power, based on the number of all satellite beams
According to the calculation method from step 1 in methodology 1, we can know:
n≈ 3, 
N = 2×𝑛+1 = 7
N × D = 7×43.3km ≈ 300km 
Thus, the target beams footprint size is 300km, and correspondingly, 50dBW per 5MHz as satellite aggregate power could provide the satellite EIRP density 34 dBW/MHz per beam when 8 beams are simultaneously activated. 
Step 4: consider 9dB link budget margin into the link budget evaluation in Rel-8 NTN coverage.
Based on the methodology above and Rel-18 link budget evaluation in our contribution[2], we can obtain the evaluation results for DL coverage considering power sharing as followed. 
Table 2
	Results
	link budget CNR
	LLS results SNR
	Performance gap SNR-CNR
	Performance gap if 9dB link budget margin is considered

	SSB
	-1.89
	-11.26
	-9.37
	-0.37

	PDCCH
	-1.89
	-8.56
	-6.67
	2.33

	PDSCH-1Mbps
	-1.89
	-7.33
	-5.44
	3.56

	PDSCH-3kbps
	-1.89
	-14.45
	-12.56
	-3.56

	PDSCH-Msg2
	-1.89
	-15.01
	-13.12
	-4.12

	PDSCH-Msg4
	-1.89
	-4.14
	-2.25
	6.75


It can be observed that PDSCH Msg4, PDSCH-1Mbps and PDCCH would be the bottleneck channel if 9dB link budget margin is considered.
Observation 3: Base on methodology 2, PDSCH msg4, PDSCH-1Mbps and PDCCH need to be enhanced if 9dB link budget loss is considered per beam.
Proposal 4: The following methodology 2 could be considered for Rel-19 NTN DL coverage evaluation. 
	Methodology 2:
Step 1: Use the link budget margin for SSB in Rel-18 NTN coverage as the baseline.
Step 2: Determine the number of beams that can be simultaneously activated and the number of all satellite beams.
Step 3: Derive the target beams footprint size and the satellite aggregate power.
Step 4: Consider 9dB link budget margin into the link budget evaluation in Rel-8 NTN coverage.


Proposal 5: For methodology 2, the following assumptions could be considered. 
· the target beams footprint size: 300km 
· the beam diameter for one beam: 50km for FR1
· the number of active beams from all satellite beams: 8

Potential solutions
From the observations above, PDSCH msg4 need to be enhanced both for methodology 1 and methodology 2. Repetition enhancement for common PDSCH could be considered. Link level simulation is performed and the simulation assumptions are listed as appendix B. The link level results are depicted in figure 2 as follow. 
[image: ]
Figure 2. link level results for PDSCH msg4 with repetition transmission
It can be observed that, compared with no repetition or 1 repetition, almost 2.7dB gain could be obtained after 2 repetitions, almost 5.4dB gain could be obtained after 4 repetitions, and almost 7.7dB gain could be obtained after 8 repetitions. Thus, 2 repetitions for PDSCH msg4 could be enough to compensate the performance gap in methodology 1, and 8 repetitions for PDSCH msg4 could be enough to compensate the performance gap in methodology 2.
Observations 4: 2 repetitions and 8 repetitions for PDSCH msg4 could be enough to compensate the performance gap in methodology 1 and in methodology 2, respectively.  
Proposal 6: Potential enhancement for PDSCH msg4 could be necessary.

3. Conclusion
In this contribution, we provide our views on xxxxxxx. According to the discussions, we have following observations and proposals: 
Observation 1: No enhancement on legacy SSB design is expected.
[bookmark: _GoBack]Observation 2: Base on methodology 1, PDSCH msg4 need to be enhanced if 4dB loss is considered.
Observation 3: Base on methodology 2, PDSCH msg4, PDSCH-1Mbps and PDCCH need to be enhanced if 9dB link budget loss is considered per beam.
Observations 4: 2 repetitions and 8 repetitions for PDSCH msg4 could be enough to compensate the performance gap in methodology 1 and in methodology 2, respectively.  
Proposal 1: For evaluation methodology, RAN1 to discuss and deteremine the following parameters:
· the satellite aggregate power
· the target beams footprint size
· the beam diameter for one beam
· the number of active beams or the ratio of active beams from all satellite beams
Proposal 2: The following methodology 1 could be considered for Rel-19 NTN DL coverage evaluation. 
Proposal 3: For methodology 1, the following assumptions could be considered. 
· the target beams footprint size: 1000km 
· the beam diameter for one beam: 50km for FR1
· the ratio of active beams from all satellite beams: 10%
Proposal 4: The following methodology 2 could be considered for Rel-19 NTN DL coverage evaluation. 
Proposal 5: For methodology 2, the following assumptions could be considered. 
· the target beams footprint size: 300km 
· the beam diameter for one beam: 50km for FR1
· the number of active beams from all satellite beams: 8
Proposal 6: Potential enhancement for PDSCH msg4 could be necessary.
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Appendix A. Parameters for link budget evaluation
[bookmark: _Ref40286490]Table A1. Parameter configurations for link budget calculation
	Parameters
	Values

	Carrier frequency
	2 GHz for DL and UL (S-band)

	System bandwidth
	20 MHz (S-band), 15kHz SCS

	Satellite altitude
	600 km

	Target elevation angle
	30°

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

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in [1]
Ionospheric loss: [image: ]= 2.2 dB (note 1)
Tropospheric loss: Table 6.6.6.2.1-1 of [1]

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Satellite antenna polarization
	Circular polarization

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

	Polarization loss
	3dB

	Free space path loss
	Equation (6.6-2) in [1]

	Clutter loss
	0dB for NTN-TDL-C

	Channel model
	Rural scenario, NTN-TDL-C, DS is mean DS specified in table 6.7.2-8a/7a in [1]

	Outcome
	CNR

	NOTE 1: Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of [1] after frequency scaling.
[image: ]dB
NOTE 2: [1] in this table is 3GPP TR 38.811 v15.2.0: "Study on New Radio (NR) to support non-terrestrial networks (Release 15)"


Table A2. Satellite characteristics for link budget calculation
	Satellite Set
	Set-1 LEO-600

	Satellite antenna pattern
	Section 6.4.1 in TR38.811

	Satellite antenna polarization
	Circular polarization

	Payload characteristics for DL transmissions

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

	EIRP density
	
	34 dBW/MHz

	Tx max Gain
	
	30 dBi

	3dB beamwidth
	
	4.4127 deg

	Beam diameter
	
	50 km

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

	EIRP density
	
	4 dBW/MHz

	Tx max Gain
	
	38.5 dBi

	3dB beamwidth
	
	1.7647 deg

	Beam diameter
	
	20 km

	Payload characteristics for UL transmissions

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

	G/T
	
	1.1 dB K-1

	Rx max Gain
	
	30 dBi

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

	G/T
	
	13 dB K-1

	Rx max Gain
	
	38.5 dBi

	NOTE: All these satellite parameters are applied per beam.


Table A3. UE characteristics for link budget calculation
	Characteristics
	Handheld

	Frequency band
	S band (i.e. 2 GHz)

	Antenna type and configuration
	1T2R

	Polarisation
	Linear

	Rx Antenna gain 
	-5.5 dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	-5.5 dBi per element


Appendix B. Simulation assumptions for PDSCH msg4
Table B. Link-level simulation assumptions for PDSCH Msg4 transmission
	Parameters
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz, 52RBs

	Waveform
	CP-OFDM 

	SCS
	15kHz

	Antenna configuration
	1T2R

	Allocated RBs
	36 PRBS

	Symbol allocation
	12 symbols 

	DMRS configuration
	2 DMRS symbols

	Mapping type
	Mapping type A

	Repetition number
	Repetition type A, 1/2/4/8/16 repetition(s)

	Channel model
	NTN-TDL-C(LOS)

	HARQ
	NO

	UE speed
	3km/h

	TBS
	1040 bits

	Modulation order
	QPSK

	BLER
	2% iBLER
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