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Introduction
Rel.18 work item on Non-Terrestrial Network (NTN) [1] has been started. The scope is as follows. 
· Coverage enhancement
· NR-NTN deployment in above 10 GHz bands 
· Network verified UE location
· NTN-TN and NTN-NTN mobility and service continuity enhancements 
On NTN coverage enhancement, the following work is to be conducted according to the WID [1]. 
Study phase until RAN#97 (September 2022)
	· 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



Specify coverage enhancement technique if issues are identified (after RAN#97)
	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.



In this document, we discuss evaluation scenario, methodology and parameters for NTN coverage evaluation. 

Evaluation of NTN coverage
According to WID [1], the target scenario for the coverage enhancement is voice and low-data rate services using commercial smartphones with more realistic assumptions on antenna gains instead of 0 dBi currently assumed for link budget analysis for NTN. The evaluation scenario, methodology and assumptions are discussed below. 
Scenario 
In NTN study item, 30 study cases with different satellite orbits, frequency bands, frequency reuse and so on, were defined and evaluated. In order to timely finalization of WID, target scenarios for the coverage evaluation should be limited. LEO would be the main target for smartphones while GEO would not be main target although the solution can be applied to GEO as well. We propose to limit the scenarios for the evaluation to LEO 1200 km because LEO 1200 km is more severe in terms of link budget than LEO 600 km and the evaluation result of LEO 1200 km could be applied to LEO 600 km. The main target frequency band should be S-band (2GHz) because target usage is VoIP and low data rate service i.e. narrow bands and lower frequency would be more suitable.  
Therefore, good candidates for the evaluation with high priority would be the case 14 and case 29 (i.e. LEO1200km with satellite parameter set 1 and set 2, S-band, frequency reuse 1) shown in Table 1. 
[bookmark: _Ref101885224]Table 1 Proposed high priority study cases for coverage enhancement
	Case
	Satellite orbit
	Satellite parameter set
	Terminal
	Frequency Band
	Frequency/ Polarization Reuse

	14
	LEO-1200
	Set 1
	Handheld
	S-band
	Option 1

	29
	LEO-1200
	Set 2
	Handheld
	S-band
	Option 1



In addition, handling of HAPS would be FFS. If HAPS is to be evaluated, related parameters need to be discussed. HAPS parameters in TR38.863 V030[4] on co-existence study in RAN4 would be a good starting point for the discussion. 
Proposal 1: Deployment scenarios for coverage evaluation should be limited. High priority candidates would be study case 14 and 29 defined in TR38.821 (i.e. LEO 1200km with satellite parameter set 1 and set 2, S-band, frequency reuse 1) 
Evaluation methodology 
Link budget analysis shown in TR 38.821 section 6.1.3.1 should be used for the evaluation methodology. Table 2 shows the parameter list used for link budget calculation in the study item. Link budget calculation method in TR 38.821 is copied in Annex B in this document for convenience. The link budget provides the achievable SINR (or CINR) in each deployment scenario. The SINR calculated in the link budget should be compared with the required SINR of each physical channel (PUSCH, PUCCH, etc). The required SINR should be evaluated using LLS for each physical channel with Rel.17 coverage enhancement feature. 
[bookmark: _Ref100744469]Table 2 Link budget template
	Parameters
	Unit
	Case 14 (LEO1200 set1)
	Case 29 (LEO1200 set2)

	Propagation 
	DL
	UL
	DL
	UL

	Frequency
	GHz
	2
	2
	2
	2

	Elevation angle
	degree
	30
	30
	30
	30

	Maximum distance
	km
	1998.9
	1998.9
	1998.9
	1998.9

	Free space path loss
	dB
	164.5
	164.5
	164.5
	164.5

	Atmospheric path loss
	dB
	0.07
	0.07
	0.07
	0.07

	Scintillation loss
	dB
	2.2
	2.2
	2.2
	2.2

	Shadowing margin
	dB
	3
	3
	3
	3

	Additional loss
	dB
	0
	0
	0
	0

	Transmitter
	
	
	
	

	Bandwidth 
	MHz
	30
	0.36
	30
	0.36

	Tx power 
	dBm

	54.8



	23
	54.8
	23

	Antenna gain
	dBi
	30
	TBD
	24
	TBD

	EIRP
	dBm
	84.8
	Depending on antenna gain
	78.8
	Depending on antenna gain

	Receiver 
	
	
	
	

	antenna gain
	dBi
	TBD
	30
	TBD
	30

	number of antennas
	
	2
	1
	2
	1

	polarization loss
	dB
	3
	3
	3
	3

	Noise Figure
	dB
	7
	-
	7
	-

	Ambient temperature
	K
	290
	-
	290
	-

	Antenna temperature
	K
	290
	-
	290
	-

	G/T
	dB/K
	Depending on antenna gain

	1.1
	Depending on antenna gain

	-4.9

	Output 
	
	
	
	

	SNR 
	dB
	
	
	
	

	SIR (based on geometry)
	dB
	
	
	
	

	SINR
	dB
	
	
	
	



Proposal 2: SINR derived from link budget analysis as in TR38.821 should be used as the target SINR for each deployment scenario. The required SINR evaluated by LLS for each physical channel with Rel.17 features should be compared with the target SINR. 
 
Evaluation assumption 
Satellite and UE parameters shown in TR 38.821 should be used as the baseline except antenna gain. -5 dBi which was proposed in e.g. [6] can be a starting point. 
Satellite with circular polarization and UE with linear polarization should be assumed as a typical scenario. Therefore, 3 dB polarization loss should be considered.
For link level simulation, the following assumptions can be a starting point of the discussion. The same values as in TR 38.830 [5] on coverage enhancement are basically listed except NTN channel model. As Rel.17 coverage enhancement feature were specified, these are also enabled, i.e. TBoMS, DMRS bundling and so on.
Table A.1-1: General parameters for FR1
	Parameter
	Value

	Packet size for VoIP
	A packet size of 320 bits with 20ms data arriving interval is adopted.
	 
	Size (bits)

	Payload
	256

	CRC
	16 (TBS size lower than 3824 bits)

	MAC
	16 (with 12 bits SN size)

	RLC
	8 (with 6 bits SN size)

	PDCP
	16

	RTP/UDP/IP
	24 (w RoHC)


If applicable, companies report TB size assumed in evaluation.

For SIP invite message
-	Payload of 1500 bytes can be a starting point.
-	The assumptions (TB size, time period etc.) are reported by companies.
-	Contributions R1-2003464 and R1-2005259 are taken into account for the evaluation
-	In addition, 1 second time period can also be considered.

	Latency requirements for VoIP
	Latency requirements assumed in VoIP evaluation are reported by companies.

	Channel model for link-level simulation
	Baseline NTN TDL/CDL model in TR38.811, with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban LOS elevation angle 30 deg. 

	UE velocity
	3 km/h



[bookmark: _Hlk46143804]Table A.1-2: Channel-specific parameters for PUSCH for FR1
	Parameter
	Value

	Frequency hopping 
	w/ or w/o frequency hopping

	BLER
	For VoIP, 2% rBLER.

	Number of UE transmit chains 
	1, 2 (optional) 

	DMRS configuration 
	For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
For frequency hopping: Type I, 1 or 2 DMRS symbol for each hop, no multiplexing with data.
PUSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	Waveform
	DFT-s-OFDM, CP-OFDM (optional)

	SCS
	30 kHz 

	PUSCH duration	
	14 OS

	Repetitions 
	For VoIP, w/ type A repetition, optional for type B repetition.
The actual number of repetitions is reported by companies.

	HARQ configuration 
	For VoIP, w/ HARQ.
The maximum number of HARQ transmission (limited by frame structure and latency requirements) can be reported by companies.

	PRBs/MCS for VoIP
	4 PRBs for VoIP as starting point. 
Other values of PRBs can be reported by companies.
QPSK, pi/2 BPSK (optional)



Table A.1-3: Channel-specific parameters for PUCCH for FR1
	Parameter
	Value

	PUCCH format 
	Format 1, 2 bits UCI.
Format 3, 4 bits (3 bits A/N + 1 bit SR)/11/22 bits UCI

	Frequency hopping
	w/ frequency hopping

	BLER
	-	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 UE transmit chains
	1 

	DMRS configuration 
	Number of DMRS symbols for PUCCH Format 3: Reported by companies

	SCS
	30 kHz

	Repetitions
	w/ repetition (optional), w/o repetition for PUCCH.
The maximum number of repetitions is 8.

	PUCCH duration	
	14 OS

	Number of PRBs
	1 PRB



Table A.1-4: Channel-specific parameters for PRACH for FR1
	Parameter
	Value

	Format
	Format 0, Format B4, or Format C2

	SCS
	Reported by companies.

	Performance metric
	1% missed detection at 0.1% false alarm probability
10% missed detection: reported by companies if this value is used

	Number of UE transmit chains
	1, 2 (optional)

	Other parameters
	Reported by companies.



Table A.1-5: Channel-specific parameters for PUSCH of Msg.3 for FR1
	Parameter
	Value

	Frequency hopping
	w/ or w/o frequency hopping

	Number of UE transmit chains
	1, 2 (optional)

	Number of DMRS symbol
	w/o frequency hopping: 3,
w/ frequency hopping: 2 for each hop

	Waveform 
	DFT-s-OFDM

	SCS
	30 kHz 

	HARQ configuration
	For VoIP, w/ HARQ.
The maximum number of HARQ transmission (limited by frame structure and latency requirements) can be reported by companies.

	PUSCH duration	
	14 OS

	Number of PRBs
	2

	TBS
	56 bits

	Other parameters
	Reported by companies.



Table A.1-6: Channel-specific parameters for PDSCH for FR1
	Parameter
	Value

	BLER
	For VoIP, 2% rBLER.

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 or 4 for 2GHz

	SCS
	30 kHz

	HARQ configuration
	For VoIP, w/ HARQ.
The maximum number of HARQ transmission (limited by frame structure and latency requirements) can be reported by companies.

	DMRS configuration
	3 DMRS symbols is used for PDSCH of Msg.2.
For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
For frequency hopping: Type I, 1 or 2 DMRS symbol for each hop, no multiplexing with data.
PDSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	PRBs/MCS/TBS
	Reported by companies.

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

	Payload size for PDSCH of Msg.4
	1040 bits

	Other parameters
	Reported by companies.



Table A.1-7: Channel-specific parameters for PDCCH for FR1
	Parameter
	Value

	Number of UE receive chains
	2 or 4 for 2GHz

	SCS
	30 kHz 

	Aggregation level
	16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER
optional for 10% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	Reported by companies

	Other parameters
	Reported by companies



Table A.1-8: Channel-specific parameters for SSB for FR1
	Parameter
	Value

	Number of UE receive chains
	2 or 4 for 2 GHz 

	SCS
	30 kHz

	Periodicity
	20 ms

	Performance metric
	Combination of 4 SSBs in 80 ms.
Note: UE is not assumed to know the SS/PBCH block index

	Other parameters
	Reported by companies.



Proposal 3: For evaluation parameters of the respective physical channel, the same values as in TR38.830 on coverage enhancement except NTN channel model should be reused.

Conclusion 
In this document, we discuss evaluation scenario, methodology and parameters for NTN coverage evaluation. The following proposals are made. 
Proposal 1: Deployment scenarios for coverage evaluation should be limited. High priority candidates would be study case 14 and 29 defined in TR38.821 (i.e. LEO 1200km with satellite parameter set 1 and set 2, S-band, frequency reuse 1)
Proposal 2: SINR derived from link budget analysis as in TR38.821 should be used as the target SINR for each deployment scenario. The required SINR evaluated by LLS for each physical channel with Rel.17 features should be compared with the target SINR.
Proposal 3: For evaluation parameters of the respective physical channel, the same values as in TR38.830 on coverage enhancement except NTN channel model should be reused.
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Annex: Link budget calculation [3] 
[bookmark: _Toc26620943][bookmark: _Toc30079755]6.1.3.1	Link Budget Calculation
Carrier-to-noise-and-interference ratio (CNIR) of transmission link between satellite and UE can be derived by carrier-to-noise ratio (CNR) and carrier-to-interference ratio (CIR) as follows
		(6.1.3.1-1)
The formula for CNR calculation is
		(6.1.3.1-2)
where EIRP is effective isotropic radiated power (EIRP),  is antenna-gain-to-noise-temperature,  is Boltzmann constant and equals to -228.6 dBW/K/Hz,  is free space path loss,  is atmospheric path loss due to gases and rain fades,  is shadowing margin,  is scintillation loss,  is additional loss, for example degradation due to feeder links in case of non-regenerative systems, and  is channel bandwidth.
Antenna-gain-to-noise-temperature  can be derived by [2]
		(6.1.3.1-3)
where  is receive antenna gain,  is noise figure,  is ambient temperature and  is antenna temperature. Receive antenna gain  can be obtained by
		(6.1.3.1-4)
where  is receive antenna element gain,  is the number of receive antenna elements,  is polarization loss,  is the antenna aperture efficiency (a dimensionless parameter with typical values for parabolic antennas from 0.55 to 0.70), D is the equivalent antenna diameter, and  is the wavelength.
EIRP can be calculated by
		(6.1.3.1-5)
where  is antenna transmit power,  is cable loss, and  is transmit antenna gain and can be derived by
		(6.1.3.1-6)
where  is transmit antenna element gain and is the number of transmit antenna elements.
[bookmark: _Toc26620944][bookmark: _Toc30079756]6.1.3.2	Parameters
The parameter configuration for link budget analysis is listed in Table 6.1.3.2-1.
Table 6.1.3.2-1: Parameter configuration for link budget analysis
	Parameters
	Notes

	Carrier frequency
	2 GHz for DL and UL (S-band),
20 GHz for DL and 30 GHz for UL (Ka-band)

	System bandwidth
	30 MHz (S-band), 400 MHz (Ka-band)

	Channel bandwidth
	DL: system bandwidth/ frequency reuse factor
UL:
UL in S-band (handheld UE): 360 kHz
Otherwise: system bandwidth/ frequency reuse factor
Note: The UL bandwidth may be a challenge.

	Satellite altitude
	600 km, 1200 km, 35786 km

	Target elevation angle
	30 (LEO), 12.5 (GEO-Set 1) , 20° (GEO –Set 2)

	Atmospheric loss
	Equation (6.6-8) in [2]

	Shadowing margin
	0 dB for VSAT as terminal and 3 dB for others

	Scintillation loss
	Section 6.6.6 in [2]
Ionospheric loss: [image: ]= 2.2 dB (note 1)
Tropospheric loss: Table 6.6.6.2.1-1 of [2]

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Frequency reuse factor
	1, 2, 3

	Average CIR within a satellite beam based on logarithmic mean 
	Based on single satellite system-level calibration methodology, statistics for average CIR are only collected for the UEs located in the central beam of the 19-beamlayout. The central beam boresight direction is computed based on the target elevation angle assumption. When the generated beam has a partial or full coverage outside the earth, it is discarded.

For DL calibration, CIR is computed by averaging CIR over UEs randomly distributed over the reference beam (UE distribution assumption of Table 6.1.1.1-5). (See Figure 6.1.3.2-1 for UE bandwidth allocation, and Figure 6.1.1.1-1 and Figure 6.1.1.1-2 for beam deployment).

For UL calibration, For Handheld device, the channel bandwidth is 360 kHz.
For VSAT, the channel bandwidth equals the system bandwidth allocated to each beam divided by 10.
The devices in one beam are allocated on adjacent frequency resources. The same resource allocation is assumed for all the beams.
CIR is computed by averaging over 10 simultaneously transmitting UEs randomly distributed over the reference beam (UE distribution assumption of Table 6.1.1.1-5). (See Figure 6.1.3.2-2 for UE bandwidth allocation, and Figure 6.1.1.1-1 and Figure 6.1.1.1-2 for beam deployment)
The averaging should be performed over multiple realizations.

	Satellite antenna polarization
	Circular polarization

	Polarization reuse
	Enable if frequency reuse factor = 2 is considered.

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

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

	Terminal RF parameters
	Table 6.1.1-3

	Satellite RF parameters
	Set-1 in Table 6.1.1-1 and Set-2 in Table 6.1.1-2

	Polarization loss
	The considerations of Section 6.1.1.1 on Polarization loss apply.

	Outcome
	CNIR

	NOTE 1:	Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of [2] after frequency scaling.
[image: ]dB
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