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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
The Rel-18 NTN objectives listed below provided in [1] focus more on the applicability of introducing the solutions developed by general NR coverage enhancement work item to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. 
	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
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.
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 coverage enhancement for NR NTN, including following aspects:
· Link budget calculation in NR NTN,
· Requirements and initial simulation results for target services, 
· Potential coverage enhancement techniques for NR NTN.
2. Discussions
2.1 Link budget calculation in NR NTN
To find the bottleneck channel of coverage and performance gap to support target services in NTN, link budget analysis is necessary. In our view, the link budget calculation method, i.e. the 3-step procedure described in following table, used in Rel-16 NR NTN study item can be reused in this work item.
	Link budget methodology
Step 1: Calculate the CNR based on the equation (6.1.3.1-2) in TR38.821, 

where,
·  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, 
· B is channel bandwidth.
Step 2: Derive the link level simulation to find the required SNR at the target BLER
The packet error loss for conversational voice is defined as 1% in table 6.1.7-A in [6]. Considering the 20 repetitions for PUSCH used, there would be no time margin for retransmission. In this case, we also consider 1% as the target BLER for voice service.  
The target BLER for data transmission is normally defined as 10% which is set as the target BLER for low data rate service in NTN.
Step 3: Compare the calculated CNR and the required SNR
If the calculated CNR is greater than the required SNR, the corresponding BLER could be lower than the target BLER and satisfy the requirement of packet error loss. Otherwise, there would be a performance gap to reach the target BLER. 


Proposal 1: 
· Reuse the link budget calculation methodology used in NR Rel-16 for NTN coverage study in NR Rel-18.
In order to have comparable simulation results among companies, the simulation assumptions have to be aligned. To reduce the work load, simulation assumptions used in link budget analysis in Rel-16 NR NTN study item should be reused, except that some parameters may have to be revisited. 
UE TX antenna gain for commercial smartphones may be less than 0dBi due to conductivity loss after a signal is transmitted from a UE, and an antenna gain varying from -3dBi to -5dBi may be more realistic. So -5dBi, instead of 0dBi, should be selected. 
On top of that, elevation angles considered could be extended to be in a wider range from 10 degrees to 90 degrees, instead of only focusing on elevation angles of 45 or 90 degrees assumed in [2]. Hence, we have following proposal.
Proposal 2: 
· Reuse the simulation assumptions agreed in Rel-16 NR NTN study, except that at least following assumptions should be updated for link budget analysis for coverage evaluation in NR NTN in Rel-18:
· A value of -5dBi UE TX antenna gain, 
· A wide range of elevation angles varying from 10 degrees to 90 degrees. 
2.2 Requirements and initial simulation results for target services 
For NTN coverage enhancement study, 2 services, i.e. VoIP and low data rate, have been approved as target services in the objectives discussed in section 1. In this section, some requirements, e.g. latency requirement, target data rate, are discussed for these 2 services.
VoIP in NTN
For VoIP, both latency and data rate should be determined for the study so that all companies are aligned before starting the link level simulation and link budget calculation.
Based on LTE VoIP evaluation in [3], the end-to-end latency model for voice communication is depicted in figure 1. The maximum end-to-end latency requirement equals 200ms, and typical sender delay at the speaker and receiver delay at the listener equals 35ms and 45ms respectively. Furthermore, encoder frame length for voice packet is 20ms which is the voice data arriving interval. In NTN scenarios, the propagation delay depends on the orbit altitude [4].
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Figure 1. End-to-end latency model for voice communication

Assuming transparent payload satellite is used, if both the transmitter and the receiver are in the NTN network, the round-trip time would be considered as the propagation delay to calculate the allowed transmission time, as is shown in table 1. 
Table 1. Allowed transmission time
	Delays (ms)
	LEO 600km
	LEO 1200km
	MEO 10000km
	GEO

	Max end2end delay
	200
	200
	200
	200

	Sender delay
	35
	35
	35
	35

	Receiver delay
	45
	45
	45
	45

	One-way propagation delay
	14.204
	25.83
	95.192
	272.375

	Round Trip Time
	28.408
	51.66
	190.384
	544.74

	Remaining time margin
	91.592
	68.34
	-70.384
	-424.74

	Allowed transmission time
	20
	20
	N/A
	N/A



In this case, it can be observed that VoIP in GEO and MEO cannot be supported due to long propagation delay and VoIP in LEO can use 20 repetitions transmission within 20ms interval, subject to numerology. 
Observation 1: 
· VoIP in GEO and MEO cannot be supported due to long propagation delay, and VoIP can only be supported in LEO scenario.
Observation 2: 
· VoIP in LEO can use 20 repetitions transmission within 20ms interval, subject to numerology.
The voice data rates supported for variable AMR codec mode [5] are listed in table 2. Normally AMR is used in voice communication, and to have best link budget, it would be preferred to select the lowest AMR data rate 4.75kbps. 
Table 2: Number of bits for each AMR codec mode
	Frame Type
	AMR codec mode
	Total number of bits
	Class A
	Class B
	Class C

	0
	4,75
	95
	42
	53
	0

	1
	5,15
	103
	49
	54
	0

	2
	5,90
	118
	55
	63
	0

	3
	6,70
	134
	58
	76
	0

	4
	7,40
	148
	61
	87
	0

	5
	7,95
	159
	75
	84
	0

	6
	10,2
	204
	65
	99
	40

	7
	12,2
	244
	81
	103
	60


Proposal 3: 
· Select 4.75kbps AMR data rate for voice coverage study in NTN.
With the link budget calculation methodology discussed in section 2.1, following initial link budget results and LLS results for VoIP on PUSCH are derived, as is shown in table 3 and figure 2 respectively. Corresponding characteristics, configurations and assumptions are listed in Appendix. 
Table 3. Link budget results for VoIP on PUSCH for Set-1 and Set-2 satellite
	CNR of PUSCH
	Elevation angle[degree]
	10
	20
	30
	40
	50
	60
	70
	80
	90

	
	Set-1
	600km
	-10.45 
	-7.51 
	-5.23 
	-3.50 
	-2.20 
	-1.26 
	-0.63 
	-0.25 
	-0.13 

	
	
	1200km
	-14.65 
	-12.44 
	-10.62 
	-9.16 
	-8.03 
	-7.19 
	-6.60 
	-6.26 
	-6.15 

	
	
	35786km
	-19.00 
	-18.68 
	-18.44 
	-18.23 
	-18.06 
	-17.92 
	-17.82 
	-17.76 
	-17.74 

	
	Set-2
	600km
	-16.45 
	-13.51 
	-11.23 
	-9.50 
	-8.20 
	-7.26 
	-6.63 
	-6.25 
	-6.13 

	
	
	1200km
	-20.65 
	-18.44 
	-16.62 
	-15.16 
	-14.03 
	-13.19 
	-12.60 
	-12.26 
	-12.15 

	
	
	35786km
	-24.00 
	-23.68 
	-23.44 
	-23.23 
	-23.06 
	-22.92 
	-22.82 
	-22.76 
	-22.74 

	
	Set-5
	10000km
	-24.97
	-24.25
	-23.65
	-23.13
	-22.68
	-22.33
	-22.08
	-21.92
	-21.87
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Figure 2. LLS results for VoIP on PUSCH with 2PRBs allocated
As for LLS, we consider legacy frequency hopping as one potential way to enhance the coverage and then derive the simulation results to confirm that. By comparison, it is observed that cases of LEO-1200 elevation angle 10~30 degrees for Set-1 satellite and cases of LEO-600 elevation angle 10~30 degrees and LEO-1200 elevation angle 10~90 degrees for Set-2 satellite cannot reach the required SNR. 
Observation 3: 
· For PUSCH with AMR 4.75kbps, TBS=184bits (120+64), lowest required SNR@1%BLER = -9.53dB 
· For Set-1, LEO-1200 elevation angle 10~30 degrees cannot reach the required SNR.
· For Set-2, LEO-600 elevation angle 10~30 degrees and LEO-1200 elevation angle 10~90 degrees cannot reach the required SNR 
· VoIP cannot work in GEO and MEO due to large coverage gap as well.
Observation 4: 
· Under the channel model of NTN TDL-D with delay spread 300ns, frequency hopping can provide around 2dB gain. 
According to above observations, we have following proposal.
Proposal 4:
· Focus on the LEO satellite to support VoIP in NTN.
Low data rate service in NTN
To find a feasible data rate to be supported in all cases in NTN, especially for GEO case, initial link level simulation and link budget analysis are performed for 100kbps data rate which is assumed in Rel-17 coverage enhancement topic for FR1. The detailed simulation assumptions are provided in table A4 in Appendix. As is known, doubling the number of PRBs would have 3dB loss in link budget calculation, which may or may not be able to be compensated from the lowered coding rate (due to larger PRB allocation) in link level simulations. Hence different number of PRBs are tried in the link level simulations. 
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Figure 3. LLS results of PUSCH 100kbps data rate
Table 4. CNR of PUSCH with 100kbps data rate
	CNR of PUSCH
	Elevation angle[degree]
	10
	20
	30
	40
	50
	60
	70
	80
	90

	
	Set-1
	600km
	-21.25
	-18.30
	-16.02
	-14.29
	-13.00
	-12.06
	-11.42
	-11.05
	-10.92

	
	
	1200km
	-25.44
	-23.23
	-21.41
	-19.95
	-18.82
	-17.98
	-17.40
	-17.06
	-16.94

	
	
	35786km
	-29.79
	-29.47
	-29.23
	-29.02
	-28.85
	-28.72
	-28.62
	-28.56
	-28.53

	
	Set-2
	600km
	-27.25
	-24.30
	-22.02
	-20.29
	-19.00
	-18.06
	-17.42
	-17.05
	-16.92

	
	
	1200km
	-31.44
	-29.23
	-27.41
	-25.95
	-24.82
	-23.98
	-23.40
	-23.06
	-22.94

	
	
	35786km
	-34.79
	-34.47
	-34.23
	-34.02
	-33.85
	-33.72
	-33.62
	-33.56
	-33.53


As can be seen from the results shown in above figure 3 and table 4, with an allocation of 24 PRBs, lowest required SNR@10%BLER = -13.24dB, and
· for Set-1 satellite, required SNR can only be reached in LEO-600 with elevation angle 50~90 degrees.
· for Set-2 satellite, the required SNR can not be reached for any elevation angle, and a further coverage gain of 3.7dB to 14dB are required to make it only work on the LEO-600 satellite
· For GEO satellite, even for set-1 satellite, a coverage gain of 15dB to 16dB is required to support 100kbps service.
Observation 5: 
· The data rate 100kbps assumed in Rel-17 coverage enhancement topic is too high for NTN scenario.
For low data rate service, to find a proper data rate, simulations and link budget analysis should be performed with a set of different data rates so that service can work in GEO case with a required coverage gain of a couple of dBs, considering VoIP service cannot work in GEO case according to our discussions in section 2.2.1. 
Initial simulation is performed with 1 PRB allocation and MCS indexes varying from MCS0 to MCS9, so that different low data rates from 0.56kbps to 5.47kbps can be derived. Other assumptions are the same as indicated in table A4 in appendix.
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Figure 4. LLS results of PUSCH low data rate service with single PRB allocation
Table 5. CNR of PUSCH low data rate service with single PRB allocation
	UL
	Elevation angle
	10
	20
	30
	40
	50
	60
	70
	80
	90

	
	Set-1
	600km
	-7.44
	-4.50
	-2.22
	-0.49
	0.81
	1.75
	2.39
	2.76
	2.88

	
	
	1200km
	-11.64
	-9.43
	-7.61
	-6.15
	-5.02
	-4.18
	-3.59
	-3.25
	-3.14

	
	
	35786km
	-15.99
	-15.67
	-15.43
	-15.22
	-15.05
	-14.91
	-14.81
	-14.75
	-14.73

	
	Set-2
	600km
	-13.44
	-10.50
	-8.22
	-6.49
	-5.19
	-4.25
	-3.61
	-3.24
	-3.12

	
	
	1200km
	-17.64
	-15.43
	-13.61
	-12.15
	-11.02
	-10.18
	-9.59
	-9.25
	-9.14

	
	
	35786km
	-20.99
	-20.67
	-20.43
	-20.22
	-20.05
	-19.91
	-19.81
	-19.75
	-19.73


At 10% BLER, from the results shown in figure 4 and table 5, we can see 
· With 1 PRB MCS0 corresponding to 0.56kbps data rate, target SNR derived is -15.32dB, a 4.4dB gain is required with some coverage enhancement techniques for Set-2 GEO satellite with high elevation angles.
· With 1 PRB MCS 9 corresponding to 5.47kbps data rate, target SNR derived is -10.94dB, a 3.8dB gain is required with some coverage enhancement techniques for Set-1 GEO satellite with high elevation angles.
Observation 6:
· With 1 PRB and MCS0 corresponding to 0.56kbps data rate, target SNR derived is -15.32dB, a 4.4dB gain is required with some coverage enhancement techniques for Set-2 GEO satellite with high elevation angles.
· With 1 PRB and MCS 9 corresponding to 5.47kbps data rate, target SNR derived is -10.94dB, a 3.8dB gain is required with some coverage enhancement techniques for Set-1 GEO satellite with high elevation angles.
According to discussions above, we have following proposal.
Proposal 5: 
· A feasible target data rate should be determined based on link budget analysis in GEO scenario.
2.3 Potential coverage enhancement techniques for NR NTN.
0. RAN overhead reduction
From physical layer perspective, the 4.75kbps AMR voice packet structure can be illustrated in table 6, where it can be seen that there’re 16/8/16 bits for MAC/RLC/PDCP headers respectively. Without RAN protocol overhead reduction, the total TB size is 184 bits (excluding CRC). 
Table 6. AMR 4.75kbps voice packet
	CRC
	16 bits

	MAC
	16 bits (with 12 bits SN size) 

	RLC
	8 bits (with 6 bits SN size) 

	PDCP
	16 bits

	RTP/UDP/IP
	24 bits (with RoHC)

	Payload
	120 bits


With the assumption provided in table A4 in appendix, link level simulation results, as illustrated in figure 5, are derived for 3 cases: without head reduction (TBS 184bits), with 2 bytes reduced (TBS 168bits) and with 4 bytes reduced (TBS 152bits) respectively.
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Figure 5. LLS results for RAN protocol overhead reduction
From the results, if we look at the 1% BLER according to the packet error loss rate requirement defined in [6], little gain (0.4~0.5dB) can be seen when the overhead is reduced.
Observation 7: 
· Little gain can be seen for AMR 4.75kbps voice packet transmission on PUSCH when up to 4 bytes of the MAC/RLC/PDCP headers are reduced.
RAN protocol overhead reduction would cause additional RAN procedure changes which are mainly in RAN2 area. Whether further gains can be seen depends on whether additional overhead can be reduced, it would be good to ask RAN2 to discuss how much overhead in maximum can be reduced for voice packet transmission in NR NTN. Both complexity and performance gains should be considered to decide whether it is necessary to introduce reduced RAN overhead in NR NTN. Hence, we have following proposal.
Proposal 6: 
· Send an LS to RAN2 to ask the maximum RAN protocol overhead that can be reduced for voice packet transmission in NR NTN with a reasonable complexity.
Repetition enhancement
For VoIP, as is discussed in section 2.1, only up to 20ms is allowed, i.e. for 15kHz SCS, up to 20 repetitions are allowed for PUSCH transmission which can already support up to 32 repetitions even based on available slot introduced in NR Rel-17 coverage enhancement work item. This means there’s no need to increase the number of repetitions for VoIP in NR NTN enhancement work item in Rel-18.
For low rate data, the larger the number of repetitions is, the lower the data rate will be, with a given number of PRBs allocated. Furthermore, the larger the number of PRBs are allocated, the worse the link budget derived would be as the power density of resource element will be decreased when the number of PRBs are increased. So, the number of repetitions depends on the target data rate and number of PRBs to get best link budget for the target scenario which should be GEO case as we discussed in section 2.1. 
Observation 8: 
· There’s no need to increase the number of repetitions supported in NR Rel-17 for VoIP use case.
Observation 9: 
· The number of repetitions allowed for low data rate transmission depends on the latency allowed in GEO scenario.
Spatial domain enhancement
Compared to TN, one of NTN-specific characteristics should be polarization. Since LHCP and RHCP antennas reject each other’s signals, frequency re-use scheme with circle polarization can be utilized to mitigate inter-cell interference. Furthermore, both LHCP and RHCP signals can be transmitted simultaneously on the same frequency band. Thus, circular polarization can be regard as another spatial domain on top of antenna ports and circular polarization enhancement on Tx diversity could be further studied. 
Observation 10: 
· Circular polarization can be regard as another spatial domain on top of antenna ports. 
Proposal 7: 
· Circular polarization enhancement on DL Tx diversity could be further studied. 
Other potential enhancement
As is known some coverage enhancement techniques, e.g. DMRS bundling, increased number of repetitions based on available slot, have been introduced in NR Rel-17 coverage enhancement work item. These techniques can be applied in NR NTN to minimize the work load in NTN coverage enhancement study. 
There could be some NTN specific changes required which should be studied by RAN1 to reuse these techniques in NTN.
Proposal 8: 
· Try to reuse the coverage enhancement techniques introduced in NR Rel-17 coverage enhancement topic for coverage enhancement in NTN to minimize the work load in NTN, and study whether any NTN specific changes are needed.
3. Conclusion
In this contribution, we discuss the aspects related to coverage enhancement of NR NTN, and have following  observations and proposals: 
Observation 1: 
· VoIP in GEO and MEO cannot be supported due to long propagation delay, and VoIP can only be supported in LEO scenario.
Observation 2: 
· VoIP in LEO can use 20 repetitions transmission within 20ms interval, subject to numerology.
Observation 3: 
· For PUSCH with AMR 4.75kbps, TBS=184bits (120+64), lowest required SNR@1%BLER = -9.53dB 
· For Set-1, LEO-1200 elevation angle 10~30 degrees cannot reach the required SNR.
· For Set-2, LEO-600 elevation angle 10~30 degrees and LEO-1200 elevation angle 10~90 degrees cannot reach the required SNR 
· VoIP cannot work in GEO and MEO due to coverage limitation as well.
Observation 4: 
· Under the channel model of NTN TDL-D with delay spread 300ns, frequency hopping can provide around 2dB gain. 
Observation 5: 
· The data rate 100kbps assumed in Rel-17 coverage enhancement topic is too high for NTN scenario.
Observation 6:
· With 1 PRB and MCS0 corresponding to 0.56kbps data rate, target SNR derived is -15.32dB, a 4.4dB gain is required with some coverage enhancement techniques for Set-2 GEO satellite with high elevation angles.
· With 1 PRB and MCS 9 corresponding to 5.47kbps data rate, target SNR derived is -10.94dB, a 3.8dB gain is required with some coverage enhancement techniques for Set-1 GEO satellite with high elevation angles.
Observation 7: 
· Little gain can be seen for AMR 4.75kbps voice packet transmission on PUSCH when up to 4 bytes of the MAC/RLC/PDCP headers are reduced.
Observation 8: 
· There’s no need to increase the number of repetitions supported in NR Rel-17 for VoIP use case.
Observation 9: 
· The number of repetitions allowed for low data rate transmission depends on the latency allowed in GEO scenario.
Observation 10: 
· Circular polarization can be regard as another spatial domain on top of antenna ports. 
Proposal 1: 
· Reuse the link budget calculation methodology used in NR Rel-16 for NTN coverage study in NR Rel-18.
Proposal 2: 
· Reuse the simulation assumptions agreed in Rel-16 NR NTN study, except that at least following assumptions should be updated for link budget analysis for coverage evaluation in NR NTN in Rel-18:
· A value of -5dBi UE TX antenna gain, 
· A wide range of elevation angles varying from 10 degrees to 90 degrees. 
Proposal 3: 
· Select 4.75kbps AMR data rate for voice coverage study in NTN.
Proposal 4:
· Focus on the LEO satellite to support VoIP in NTN.
Proposal 5: 
· A feasible target data rate should be determined based on link budget analysis in GEO scenario.
Proposal 6: 
· Send an LS to RAN2 to ask the maximum RAN protocol overhead that can be reduced for voice packet transmission in NR NTN with a reasonable complexity.
Proposal 7: 
· [bookmark: _GoBack]Circular polarization enhancement on DL Tx diversity could be further studied. 
Proposal 8: 
· Try to reuse the coverage enhancement techniques introduced in NR Rel-17 coverage enhancement topic for coverage enhancement in NTN to minimize the work load in NTN, and study whether any NTN specific changes are needed.
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Appendix
[bookmark: _Ref40286490]Table A1. Parameter configuration for link budget calculation
	Parameters
	Value or Notes

	Carrier frequency
	2 GHz

	System bandwidth
	20 MHz, 15kHz SCS

	Channel bandwidth
	UL (handheld UE): 360 kHz (2 PRBs), 

	Target elevation angle
	10 ~90

	Clear sky conditions
	Yes

	Atmospheric loss
	Equation (6.6-8) in TR38.811

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in TR38.811
Ionospheric loss: 2.2dB

	Additional loss
	0 dB

	Free space pathloss
	Equation (6.6-2) in TR38.811

	Polarization loss
	3dB


Table A2. Satellite characteristics for link budget calculation
	Satellite Set
	Set-1
	Set-2

	Satellite orbit
	GEO
	LEO-1200
	LEO-600
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km
	35786 km
	1200 km
	600 km

	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)
	22 m
	2 m
	2 m
	12 m
	2 m
	2 m

	EIRP density
	
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz
	53.5 dBW/MHz
	34 dBW/MHz
	28 dBW/MHz

	Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi
	45.5 dBi
	24 dBi
	24 dBi

	3dB beamwidth
	
	0.4011 deg
	4.4127 deg
	4.4127 deg
	0.7353 deg
	4.4127 deg
	4.4127 deg

	Beam diameter
	
	250 km
	90 km
	50 km
	450 km
	90 km
	50 km

	Payload characteristics for UL transmissions

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

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

	Rx max Gain
	
	51 dBi
	30 dBi
	30 dBi
	45.5 dBi
	24 dBi
	24 dBi


Table A3. UE characteristics for link budget calculation
	Characteristics
	Handheld UE

	Frequency band
	2GHz

	Antenna type and configuration
	1Tx, 2Rx

	Polarisation
	Linear: +/-45°X-pol

	Rx Antenna gain 
	-5 dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	-5 dBi per element


Table A4. Link-level simulation assumptions for PUSCH transmission
	Parameters
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	20 MHz, 106RBs

	Waveform
	DFT-s-OFDM 

	SCS
	15kHz

	Allocated RBs
	UL: 360kHz (2PRBs)

	Symbol allocation
	14 symbols 

	DMRS configuration
	Type 1, [3 11]

	Modulation order
	MCS 9 in Table 6.1.4.1-1 of 38.213 (max-64QAM)

	Repetition number
	20 (VoIP), 32 (low date rate) 

	Channel model
	NTN-TDL-D (LOS), 300ns

	Frequency hopping
	Enabled

	UE speed
	3km/h

	Delay spread
	300ns

	Elevation angle
	12.5(GEO Set-1), 20(GEO Set-2), 30(LEO)

	Antenna configuration
	1T2R
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