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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN95# e-meeting, a new Rel-18 work item defining enhancements for NG-RAN based Non-Terrestrial Networks was approved [1]. Among other objectives, this  new work item aims to introduce optimized performance and improve the NTN coverage especially when addressing handset terminals, including smartphones with more realistic assumptions on antenna gain instead of 0 dBi antenna gain usually considered for link budget analysis. 
The detailed description of the WID objective on NR NTN coverage enhancement is recopied hereafter:
	[RP-220953]:
The Rel-18 NTN objectives are focused on the applicability of the solutions developed by general NR coverage enhancement to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. Only NTN-specific characteristics are to be included in this coverage enhancement work, otherwise it should be part of another WI (e.g., UL enhancement of coverage). The work needs to cover the use case of voice and low-data rate services using commercial smartphones with more realistic assumptions on antenna gains instead of 0dBi currently assumed for link budget analysis for non-terrestrial networks. The specific realistic antenna gain assumption will be determined at the working group level. The evaluation should also take into account any related regulatory requirements, e.g., ITU limitation of power flux density.

Have a 1-TU 6-month study phase focusing on the following (to derive clear & limited scope):

· Evaluate the coverage performance and identify the candidate physical radio channels that have coverage issues specific to NTN with following target services taking into account the studies in TR38.830 where appropriate, as well as general coverage enhancement techniques specified in Rel-18 [RAN1,RAN2,RAN4]
· VoIP and low-data rate services for commercial handset terminals

[bookmark: _Hlk90207880]The following items are shown as examples of areas to consider in the next step of the study. The actual items for study will be based on the evaluation of coverage issues specific to NTN identified above.

· NTN-specific repetitions enhancements beyond techniques covered in Rel-17 CovEnh WI for the relevant channels
· NTN-specific techniques for improved diversity and/or reduced polarization loss
· Improved performance of low-rate codecs in link budget limited situation including reducing RAN protocol overhead for VoNR
· NOTE: Intent is not to introduce a new codec.

[bookmark: _Hlk86407239]RAN to determine by RAN#97 (for RAN1 items) and RAN#98 (for RAN2 items) whether the study phase has identified any need for NTN-specific coverage enhancements in Rel-18. If needed, the set of NTN-specific work item objectives will be updated.




In this contribution, we discuss the following aspects related to the coverage enhancements for NTN:
· The target scenarios/services and date rates,
· The evaluation approaches, the criteria and simulation parameters that should be used for coverage study, 
· The link budget template and preliminary assessment of the coverage performance and identification coverage bottlenecks.
Target scenarios and services requirements
Target data rate
Handheld devices are identified as the UE type in several important use cases for NTN [2]. Typical frequency bands for handheld devices are S band and L band. Smartphones with their ubiquity are the most important handheld devices. Thereby, providing direct access connectivity to mass market smartphones through NTN will resolve the Zero G (0G) coverage problem in unserved or under-served geographical areas. Early support of mass market smartphones is also expected to foster speedy deployment of NR NTN networks. 
Important service capabilities for mass market smartphones over NTN are: 
· Voice over NR which requires a high reliability with a low rBLER and high mean opinion score to ensure good experience.
	
· (e)MBB services which require a data rate at least few Mbps/few hundreds of kbps (DL/UL) as per Table 7.4.2-1 in [3, TS 22.261] : for pedestrian user, the required data rate is 1 Mbit/s in the downlink and 100 kbit/s in the uplink.

For VoNR performance evaluation based on link-level simulation we propose to consider the Enhanced Voice Services (EVS) codec which is the current recommendation for voice over NR: The EVS 13.2 kbps can be used in this study which corresponds to data rate of 17.2 kbps at layer 1 or a packet size of 344 bits every 20ms as depicted in  Figure 1.

[image: ]
Figure 1 VoNR: EVS 13.2 kbps

The following Table provides the target services and target data rates for the coverage study:
Table 1 Target data rates
	
	Target data rate

	VoNR (EVS codec)
	13.2 kbps

	MBB
	DL: 1 Mbit/s
	UL: 100 kbit/s



Proposal 1: 
The following target data rates are considered for MBB and VoNR performance evaluation:	
· For VoNR,  a packet size of 344 bits every 20ms i.e. a data rate of 17.2 kbps
· For MBB, 1 Mbit/s in the DL and 100 kbit/s in the UL.

Satellite parameters sets
The two sets of satellite parameters shown in Table 2 and Table 3 are considered as baseline for coverage performance evaluation and the performance target for coverage enhancement.

Proposal 2: 
The satellite parameters used for the NTN coverage enhancement study are given by the following two tables:  
Table 2 Set-1 satellite parameters
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture 
	S-band
	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 
	
	250 km
	90 km
	50 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture
	S-band 
	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



Table 3 Set-2 satellite parameters
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture 
	S-band
	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 
	
	450 km
	190 km
	90 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture
	S-band
	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




UE characteristics
The UE characteristics to be considered in this study are given in Table 4. The UE is considered to be a commercial smartphones with more realistic assumptions on antenna gain instead of 0dBi currently assumed for link budget analysis for non-terrestrial networks. The specific realistic antenna gain assumption is yet to be determined at RAN1. As a baseline assumption on antenna gain we propose to consider  -5 dBi.

Proposal 3: 
The UE characteristics used for the NTN coverage enhancement study are given by the following table:  

Table 4 UE characteristics
	Frequency band
	S band (i.e. 2 GHz)

	Antenna type and configuration
	(1, 1, 2) with omni-directional antenna element

	Polarisation
	Linear: +/-45°X-pol

	Rx Antenna gain 
	-5 dBi 

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	23 dBm (200 mW)

	Tx antenna gain
	-5 dBi



List of coverage study cases
The  following study cases are considered as baseline for coverage performance evaluation and the performance target for coverage enhancement:

Proposal 4: 
[bookmark: _GoBack]The coverage study cases used for the NTN coverage enhancement and targeting the smartphones UEs are given by the following table:  

Table 5 List of coverage study cases
	Satellite orbit
	Satellite parameter set
	Beam elevation
	Frequency Band

	LEO-600
	Set 2
	30 deg
	S-band

	LEO-1200
	Set 2
	30 deg
	S-band

	GEO
	Set 1
	12.5 deg
	S-band



Evaluation methodology
For NTN coverage enhancement study, the evaluation methodology can be based on link-level simulation but as system level simulation provides realistic results for coverage analysis we propose to conduct also system-level simulation for this study. We made the following proposal:

Proposal 5: 
The following two options should be considered for the evaluation methodology:

Option 1: Based on link-level simulation:
1) Obtain the required SINR for the physical channels under target scenarios and service/reliability requirements.
2) Obtain the baseline performance based on required SINR and link budget template.
3) Identify target performance and coverage bottlenecks based on target performance metric.

Option 2: Based on link- level and system-level simulation
1) Obtain the required SINR for the given target data rate based on link-level simulation.
2) Obtain the target performance based on system-level simulation (i.e. the 5th percentile downlink or uplink SINR value in CDF curve).

Link level Simulation assumptions 
Simulation assumptions for PRACH
The LLS parameters for PRACH performance evaluation are summarized within the following table:
Proposal 6: 
For link level simulation, adopt the following parameters for PRACH:
Table 6 Simulation assumptions for PRACH
	Configurations
	S-band

	Carrier Frequency
	2 GHz

	Channel Model
	Baseline TDL/CDL-D model 

	Satellite Antenna
	1 Rx

	Antenna Configuration at the UE
	Omni-directional antenna with single linearly polarized antenna element 

	UE antenna gain
	-5 dBi

	UE speed
	3 km/h

	PRACH format
	PRACH format 2 and PRACH format B4

	Performance metric
	1% missed detection at 0.1% false alarm probability



Simulation assumptions for PUSCH and PUCCH
The parameters for PUSCH and PUCCH to be used for link level simulation are given within the following table:

Proposal 7:
For link level simulation, adopt the following parameters for PUSCH and PUCCH.

Table 7 Simulation assumptions for PUSCH and PUCCH
	Parameters
	S-band

	Carrier frequency
	2 GHz

	Channel coding scheme
	NR channel coding

	Subcarrier spacing
	15 kHz, 30 kHz

	Channel estimation
	Realistic estimation

	Frequency offset 
	Residual Frequency error after DL synchronisation: [0.1] ppm assuming UL pre-compensation

	Frequency drift
	Doppler rate values provided in Table 6.1.1.1-8 in [TR 38.821]

	Frequency tracking
	drift pre-compensation is assumed

	UE speed
	3 km/h

	Channel model
	For GEO:
Baseline TDL/CDL model in [TR 38.811], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor based on the selected channel conditions. These parameters should be provided by the companies.
For LEO:
Baseline TDL/CDL model in [TR 38.811], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor based on the selected channel conditions. These parameters should be provided by the companies.

	Satellite antenna configuration
	1Tx/Rx

	UE antenna configuration
	(1, 1, 2) with omni-directional antenna element

	Phase noise Model
	S-band phase noise modelling (optional) 



Channel-specific parameters for PUSCH
Apart from the parameters listed in section 4.2, the following channel-specific parameters for PUSCH should be considered for the coverage study:

Proposal 8:
For link level simulation, adopt the following channel-specific parameters for PUSCH.

Table 8 Channel-specific parameters for PUSCH
	Parameter
	Value

	BLER
	For eMBB, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Number of UE transmit chains 
	1

	DMRS configuration 
	For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.

	Waveform
	DFT-s-OFDM

	PUSCH duration	
	14 OS

	Repetitions 
	w/ or w/o repetition for PUSCH
The following value set for repetition factor: {1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32}

	HARQ configuration 
	w/ and w/o HARQ 

	PRBs/TBS/MCS for eMBB
	30 PRBs for 1Mbps, 4 PRBs for 100kbps
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	4 PRBs for VoIP. 
QPSK, pi/2 BPSK



Channel-specific parameters for PUCCH
Apart from the parameters listed in section 4.2, the following channel-specific parameters for PUCCH should be considered for the coverage study:

Proposal 9:
For link level simulation, adopt the following channel-specific parameters for PUCCH.

Table 9 Channel-specific parameters for PUCCH
	Parameters
	Values

	PUCCH format type
	Format 1, 2bits UCI
Format 3, 11/22 bits UCI

	BLER for PUCCH
	For PUCCH format 1: 
· DTX to ACK probability: 1%. NACK to ACK probability: 0.1%.
· ACK missed detection probability: 1%.
For PUCCH format 3: 
· BLER for Ack/Nack, SR: 1%
· BLER for CSI: 1%, optional for 10%.

	Number of PRBs for PUCCH
	1 PRB

	Number of UE antennas for PUCCH
	1

	Number of UE TRXUs for PUCCH
	1

	PUCCH duration	
	14 OS

	Number of repetitions for PUCCH
	w/ or w/o repetition for PUCCH.
Reuse the Rel-16 PUCCH repetition factors 2, 4, 8.



Simulation assumptions for PUSCH msg3
The LLS parameters for PUSCH msg3 performance evaluation are summarized within the following table:
Proposal 10: 
For link level simulation, adopt the following parameters for PUSCH msg3:

Table 10 Simulation assumptions for PUSCH msg3
	Number of UE transmit chains
	1

	Number of DMRS symbol
	3

	Waveform 
	DFT-s-OFDM

	SCS
	15kHz 

	HARQ configuration
	For eMBB, w/o HARQ 
For VoIP, w/o HARQ.

	PUSCH duration	
	14 OS

	Number of PRBs
	2

	TBS
	56 bits



Simulation assumptions for SSB
The LLS parameters for SSB performance evaluation are summarized within the following table:
Proposal 11:
For link level simulation, adopt the following parameters for SSB:

Table 11 Simulation assumptions for SSB
	Carrier Frequency
	S-band / 2 GHz

	Channel Model
	For GEO:
Baseline TDL/CDL model in [TR 38.811], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle 10 deg
For LEO:
Baseline TDL/CDL model in [TR 38.811], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle [30] deg

	SCS
	15kHz, 30kHz

	Periodicity
	20ms

	DL RS
	SSB

	Antenna Configuration at the TRP (satellite)
	1Tx

	Antenna Configuration at the UE
	(1, 1, 2) with omni-directional antenna element

	UE speed
	3 km/h

	UE elevation angle
	For GEO (optional): 10°, For LEO: 30°

	Phase noise model
	S-band phase noise modelling (optional) 

	Performance metrics
	One-shot initial cell detection accuracy of PCID;
CDF of timing and frequency residual offset at SNIR point corresponding to 90% likelihood for one-shot detection accuracy of cell ID.
Note: FAR of PCID detection requirement = 1%



Simulation assumptions for PDSCH
The LLS parameters for PDSCH performance evaluation are summarized within the following table:
Proposal 12:
For link level simulation, adopt the following parameters for PDSCH.

Table 12 Simulation assumptions for PDSCH
	Parameters
	S-band

	Carrier frequency
	2 GHz

	Channel coding scheme
	NR channel coding

	Subcarrier spacing
	15 kHz, 30 kHz

	Channel estimation
	Realistic estimation

	Frequency offset 
	Residual Frequency error after DL synchronisation: [0.1] ppm assuming UL pre-compensation

	Frequency drift
	Doppler rate values provided in Table 6.1.1.1-8 in [TR 38.821]

	Frequency tracking
	drift pre-compensation is assumed

	UE speed
	3 km/h

	Channel model
	For GEO:
Baseline TDL/CDL model in [TR 38.811], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor based on the selected channel conditions. These parameters should be provided by the companies.
For LEO:
Baseline TDL/CDL model in [TR 38.811], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor based on the selected channel conditions. These parameters should be provided by the companies.

	Satellite antenna configuration
	1Tx/Rx

	UE antenna configuration
	(1, 1, 2) with omni-directional antenna element

	Phase noise Model
	S-band phase noise modelling (optional) 



Channel-specific parameters for PDSCH
The following channel-specific parameters for PDSCH should be considered for the coverage study:
Proposal 13:
For link level simulation, adopt the following channel-specific parameters for PDSCH.

Table 13 Channel-specific parameters for PDSCH
	Parameter
	Value

	BLER
	For eMBB, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Waveform
	CP-OFDM

	Number of UE receive chains
	1

	HARQ configuration
	w/ and w/o HARQ

	DMRS configuration
	3 DMRS symbols is used for PDSCH of Msg.2.
Type I, 1 or 2 DMRS symbol, no multiplexing with data.

	PDSCH duration
	12 OS
For PDSCH of Msg.4, 12 OS

	Payload size for PDSCH of Msg.4
	1040 bits



Simulation assumptions for PDCCH
Apart from the parameters provided in section 4.5, the following channel-specific parameters are to be considered for PDCCH.
Proposal 14:
For link level simulation, adopt the following channel-specific parameters for PDCCH.


 
Table 14 Simulation assumptions for PDCCH
	Parameter
	Value

	Number of UE receive chains
	1

	Aggregation level
	16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	BLER
	1% BLER




Link Budget baseline for NTN UL
For NTN coverage enhancement study the link budget assumptions are based on the parameters listed in Table 6.1.3.2-1 in [TR 38.821] with UE antenna gain of -5dBi.  The Link budgets results are shown in the Tables below for  LEO 600- Set 2, LEO 1200- Set 2 and GEO- Set1 study cases.
Based on the link budget analysis, for a 30-degree elevation angle, 1200 km orbit we made the following observations:
· VoNR with 720 kHz bandwidth, and satellite receive antennas with 24 dB gain, the achievable UL SNR is -16,62dB. 
· PUSCH msg3 might be also one of the coverage bottlenecks as the SNR is -13,61dB
· The achievable UL SNR for PRACH long format 2 is -18,25dB. Repetition number of PRACH transmission may need to be increased.

Clearly, like in NR terrestrial networks, uplink is the coverage bottleneck in NTN due to the following limitations:
· Limit of transmit power.
· Polarization loss. Typical handheld devices including smartphones use linear polarized antennas while satellites typically employ circular polarized antennas.
· A small number of receive antennas in the UL. In NTN, satellite antennas can be a significant contributor of launching cost. Typically, only one receive antenna is used per satellite beam although two receive antennas per beam may be used in some cases, one with right-hand and another with left-hand circular polarization.

To support smartphones in NTN, a significantly lower link budget needs to be supported by considering the following: 
· Only one satellite receive antenna instead of two. 
· Smaller satellite antenna gains and smaller elevation angles. When elevation angle decreases from 30 to 10 degrees, the path loss increases by about 4 to 5 dB for satellite orbits in 600km to 1200 km.
· Smaller UE antenna gains. Internal antennas of smartphones are typically negative (e.g. -5dBi).

The following coverage enhancements for NR NTN may be considered. 
· PUSCH: Same as considered for NR coverage enhancements with larger number of repetitions/aggregation slots.
· PUCCH: Same as considered for NR coverage enhancements with larger number of repetitions/aggregation slots. 
· PUSCH Msg3: Enabling PUSCH coverage enhancements during RACH. Unlike in terrestrial network, re-scheduling of Msg3 is not desirable due to large round-trip delay in NTN.
· PRACH: PRACH format 2. Evaluation is needed to determine the  number of repetitions that may be required

The following Table provides the UL Link budgets results in case of LEO 600- Set 2:
Table 15 UL Link budgets results LEO 600- Set 2
	 
	PUSCH Msg3
	PUSCH VoNR
	PUCCH
	PRACH long format 2
	PRACH format B4

	
	
	
	
	
	

	Orbit
	LEO 600
	LEO 600
	LEO 600
	LEO 600
	LEO 600

	Satellite parameters
	Set 2
	Set 2
	Set 2
	Set 2
	Set 2

	UE antenna gain
	-5dBi
	-5dBi
	-5dBi
	-5dBi
	-5dBi

	Bandwidth (MHz)
	0,36
	0,72
	0,18
	1,048
	2,16

	
	
	
	
	
	

	Frequency [GHz]
	2,00
	2,00
	2,00
	2,00
	2,00

	TX: EIRP [dBm]
	18,01
	18,01
	18,01
	18,01
	18,01

	RX: G/T [dB/T]
	-4,90
	-4,90
	-4,90
	-4,90
	-4,90

	Bandwidth [MHz]
	0,36
	0,72
	0,18
	1,05
	2,16

	Free space path loss [dB]
	159,10
	159,10
	159,10
	159,10
	159,10

	Atmospheric loss [dB]
	0,07
	0,07
	0,07
	0,07
	0,07

	Shadow fading margin [dB]
	3,00
	3,00
	3,00
	3,00
	3,00

	Scintillation Loss [dB]
	2,20
	2,20
	2,20
	2,20
	2,20

	Polarization loss [dB]
	0,00
	0,00
	0,00
	0,00
	0,00

	Additional losses [dB]
	0,00
	0,00
	0,00
	0,00
	0,00

	CNR [dB]
	-8,22
	-11,23
	-5,21
	-12,86
	-16,00



The following Table provides the UL Link budgets results in case of LEO 1200- Set 2:
Table 16 UL Link budgets results LEO 1200- Set 2
	 
	PUSCH Msg3
	PUSCH VoNR
	PUCCH
	PRACH long format 2
	PRACH format B4

	
	
	
	
	
	

	Orbit
	LEO 1200
	LEO 1200
	LEO 1200
	LEO 1200
	LEO 1200

	Satellite parameters
	Set 2
	Set 2
	Set 2
	Set 2
	Set 2

	UE antenna gain
	-5dBi
	-5dBi
	-5dBi
	-5dBi
	-5dBi

	Bandwidth (MHz)
	0,36
	0,72
	0,18
	1,048
	2,16

	
	
	
	
	
	

	Frequency [GHz]
	2,00
	2,00
	2,00
	2,00
	2,00

	TX: EIRP [dBm]
	18,01
	18,01
	18,01
	18,01
	18,01

	RX: G/T [dB/T]
	-4,90
	-4,90
	-4,90
	-4,90
	-4,90

	Bandwidth [MHz]
	0,36
	0,72
	0,18
	1,05
	2,16

	Free space path loss [dB]
	164,48
	164,48
	164,48
	164,48
	164,48

	Atmospheric loss [dB]
	0,07
	0,07
	0,07
	0,07
	0,07

	Shadow fading margin [dB]
	3,00
	3,00
	3,00
	3,00
	3,00

	Scintillation Loss [dB]
	2,20
	2,20
	2,20
	2,20
	2,20

	Polarization loss [dB]
	0,00
	0,00
	0,00
	0,00
	0,00

	Additional losses [dB]
	0,00
	0,00
	0,00
	0,00
	0,00

	CNR [dB]
	-13,61
	-16,62
	-10,60
	-18,25
	-21,39



The following Table provides the UL Link budgets results in case of GEO- Set 1:
Table 17 UL Link budgets results GEO - Set 1
	 
	PUSCH Msg3
	PUSCH VoNR
	PUCCH
	PRACH long format 2
	PRACH format B4

	
	
	
	
	
	

	Orbit
	GEO
	GEO
	GEO
	GEO
	GEO

	Satellite parameters
	Set 1
	Set 1
	Set 1
	Set 1
	Set 1

	UE antenna gain
	-5dBi
	-5dBi
	-5dBi
	-5dBi
	-5dBi

	Bandwidth (MHz)
	0,36
	0,72
	0,18
	1,048
	2,16

	
	
	
	
	
	

	Frequency [GHz]
	2,00
	2,00
	2,00
	2,00
	2,00

	TX: EIRP [dBm]
	18,01
	18,01
	18,01
	18,01
	18,01

	RX: G/T [dB/T]
	19,00
	19,00
	19,00
	19,00
	19,00

	Bandwidth [MHz]
	0,36
	0,72
	0,18
	1,05
	2,16

	Free space path loss [dB]
	190,58
	190,58
	190,58
	190,58
	190,58

	Atmospheric loss [dB]
	0,16
	0,16
	0,16
	0,16
	0,16

	Shadow fading margin [dB]
	3,00
	3,00
	3,00
	3,00
	3,00

	Scintillation Loss [dB]
	2,20
	2,20
	2,20
	2,20
	2,20

	Polarization loss [dB]
	0,00
	0,00
	0,00
	0,00
	0,00

	Additional losses [dB]
	0,00
	0,00
	0,00
	0,00
	0,00

	CNR [dB]
	-15,89
	-18,90
	-12,88
	-20,54
	-23,68



Link Budget baseline for NTN DL
The following Table provides the DL Link budgets results in case of LEO 600- Set 2:
Table 18 DL Link budgets results LEO 600- Set 2
	 
	SSB
	PDCCH
	PDSCH MBB
	PDSCH VoNR

	
	
	
	
	

	Orbit
	LEO 600
	LEO 600
	LEO 600
	LEO 600

	Satellite parameters
	Set 2
	Set 2
	Set 2
	Set 2

	UE antenna gain
	-5dBi
	-5dBi
	-5dBi
	-5dBi

	Bandwidth (MHz)
	3,60
	8,65
	5,40
	0,72

	
	
	
	
	

	Frequency [GHz]
	2,00
	2,00
	2,00
	2

	TX: EIRP [dBm]
	63,56
	67,37
	65,32
	56,57332496

	RX: G/T [dB/T]
	-31,60
	-31,60
	-31,60
	-31,6

	Bandwidth [MHz]
	3,60
	8,65
	5,40
	0,72

	Free space path loss [dB]
	159,10
	159,10
	159,10
	159,0972636

	Atmospheric loss [dB]
	0,07
	0,07
	0,07
	0,070880411

	Shadow fading margin [dB]
	3,00
	3,00
	3,00
	3

	Scintillation Loss [dB]
	2,20
	2,20
	2,20
	2,2

	Polarization loss [dB]
	0,00
	0,00
	0,00
	0

	Additional losses [dB]
	5,00
	5,00
	5,00
	5

	CNR [dB]
	-4,37
	-4,37
	-4,37
	-4,37



The following Table provides the DL Link budgets results in case of LEO 1200- Set 2:
Table 19 DL Link budgets results LEO 1200- Set 2
	 
	SSB
	PDCCH
	PDSCH MBB
	PDSCH VoNR

	
	
	
	
	

	Orbit
	LEO 1200
	LEO 1200
	LEO 1200
	LEO 1200

	Satellite parameters
	Set 2
	Set 2
	Set 2
	Set 2

	UE antenna gain
	-5dBi
	-5dBi
	-5dBi
	-5dBi

	Bandwidth (MHz)
	3,60
	8,65
	5,40
	0,72

	
	
	
	
	

	Frequency [GHz]
	2,00
	2,00
	2,00
	2,00

	TX: EIRP [dBm]
	69,56
	73,37
	71,32
	62,57

	RX: G/T [dB/T]
	-31,60
	-31,60
	-31,60
	-31,60

	Bandwidth [MHz]
	3,60
	8,65
	5,40
	0,72

	Free space path loss [dB]
	164,48
	164,48
	164,48
	164,48

	Atmospheric loss [dB]
	0,07
	0,07
	0,07
	0,07

	Shadow fading margin [dB]
	3,00
	3,00
	3,00
	3,00

	Scintillation Loss [dB]
	2,20
	2,20
	2,20
	2,20

	Polarization loss [dB]
	0,00
	0,00
	0,00
	0,00

	Additional losses [dB]
	5,00
	5,00
	5,00
	5,00

	CNR [dB]
	-3,76
	-3,76
	-3,76
	-3,76



The following Table provides the DL Link budgets results in case of GEO- Set 1:
Table 20 DL Link budgets results GEO - Set 1
	 
	SSB
	PDCCH
	PDSCH MBB
	PDSCH VoNR

	
	
	
	
	

	Orbit
	GEO
	GEO
	GEO
	GEO

	Satellite parameters
	Set 1
	Set 1
	Set 1
	Set 1

	UE antenna gain
	-5dBi
	-5dBi
	-5dBi
	-5dBi

	Bandwidth (MHz)
	3,60
	8,65
	5,40
	0,72

	
	
	
	
	

	Frequency [GHz]
	2,00
	2,00
	2,00
	2,00

	TX: EIRP [dBm]
	94,56
	98,37
	96,32
	87,57

	RX: G/T [dB/T]
	-31,60
	-31,60
	-31,60
	-31,60

	Bandwidth [MHz]
	3,60
	8,65
	5,40
	0,72

	Free space path loss [dB]
	190,58
	190,58
	190,58
	190,58

	Atmospheric loss [dB]
	0,07
	0,07
	0,07
	0,07

	Shadow fading margin [dB]
	3,00
	3,00
	3,00
	3,00

	Scintillation Loss [dB]
	2,20
	2,20
	2,20
	2,20

	Polarization loss [dB]
	0,00
	0,00
	0,00
	0,00

	Additional losses [dB]
	5,00
	5,00
	5,00
	5,00

	CNR [dB]
	-4,85
	-4,85
	-4,85
	-4,85




Conclusion
In this contribution. we made the following observations and proposals:
Observation 1.	To support smartphones in NTN, a significantly lower link budget needs to be supported by considering the following: 
· Only one satellite receive antenna instead of two. 
· Smaller satellite antenna gains and smaller elevation angles. When elevation angle decreases from 30 to 10 degrees, the path loss increases by about 4 to 5 dB for satellite orbits in 600km to 1200 km.
· Smaller UE antenna gains. Internal antennas of smartphones are typically negative (e.g. -5dBi).

Target scenarios and services requirements:
Proposal 1: 
The following target data rates are considered for MBB and VoNR performance evaluation:	
· For VoNR,  a packet size of 344 bits every 20ms i.e. a data rate of 17.2 kbps
· For MBB, 1 Mbit/s in the DL and 100 kbit/s in the UL.

Satellite parameters sets:
Proposal 2: 
The satellite parameters used for the NTN coverage enhancement study are provided by the two tables in section 2.2 of this contribution.  

UE characteristics:
Proposal 3: 
The UE characteristics used for the NTN coverage enhancement study are provided by the table in section 2.3 of this contribution.   

List of coverage study cases:
Proposal 4: 
The coverage study cases used for the NTN coverage enhancement study and targeting the smartphones UEs are provided by the table in section 2.4  of this contribution.   

Evaluation methodology:
Proposal 5: 
The following two options should be considered for the evaluation methodology:
Option 1: Based on link-level simulation:
1) Obtain the required SINR for the physical channels under target scenarios and service/reliability requirements.
2) Obtain the baseline performance based on required SINR and link budget template.
3) Identify target performance and coverage bottlenecks based on target performance metric.
Option 2: Based on link- level and system-level simulation
1) Obtain the required SINR for the given target data rate based on link-level simulation.
2) Obtain the target performance based on system-level simulation (i.e. the 5th percentile downlink or uplink SINR value in CDF curve).

Simulation assumptions for PRACH
Proposal 6: 
For link level simulation, adopt the parameters for PRACH provided by the table in section 4.1

Simulation assumptions for PUSCH and PUCCH
Proposal 7: 
The parameters for PUSCH and PUCCH to be used for link level simulation are given the table in section 4.2 of this contribution.

Channel-specific parameters for PUSCH
Proposal 8:
For link level simulation, adopt the channel-specific parameters for PUSCH provided by the Table in section 4.2.1 of this contribution.

Channel-specific parameters for PUCCH
Proposal 9:
For link level simulation, adopt the channel-specific parameters for PUCCH provided by the Table in section 4.2.2 of this contribution.

Simulation assumptions for PUSCH msg3
Proposal 10: 
For link level simulation, adopt the parameters for PUSCH msg3 provided by the Table in section 4.3 of this contribution.

Simulation assumptions for SSB
Proposal 11:
For link level simulation, adopt the parameters for SSB provided by the Table in section 4.4 of this contribution

Simulation assumptions for PDSCH
Proposal 12:
For link level simulation, adopt the parameters for PDSCH provided by the Table in section 4.5 of this contribution.

Channel-specific parameters for PDSCH
Proposal 13:
For link level simulation, adopt the channel-specific parameters for PDSCH provided by the Table in section 4.5.1 of this contribution.

Simulation assumptions for PDCCH
Proposal 14:
For link level simulation, adopt the channel-specific parameters for PDCCH provided by the Table in section 4.6 of this contribution.
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