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1. [bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]Introduction
[bookmark: _Hlk100744619]In RAN#94, a new work item on NR NTN (Non-Terrestrial Networks) enhancements was approved [1]. One of the objectives related to RAN1 is coverage enhancement as follows:
	[bookmark: OLE_LINK1]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

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 contribution, the evaluation methodology and simulation assumptions are proposed for the coverage evaluation for GSO and NGSO scenarios. Some initial simulation results are also provided to identify the bottleneck and priority channels in the coverage enhancement study for NR NTN.  

1 Evaluation Methodology and Simulation Assumptions
The overall evaluation methodology is illustrated in Figure 1.
Choosing Cases 
Link budget calculation for the CNR
LLS for required SNR of the target service
Compare the CNR and required SNR to figure out the coverage gap

[bookmark: _Ref100658439]Figure 1 Evaluation methodology for NTN coverage enhancement
1.1 Evaluation Cases
The system level simulation cases for NR NTN have already been summarized in Table 6.1.1.1-9 of TR 38.821[2] (see also Table 10 in the section of Appendix). Based on the link budgets results listed in Table 6.1.3.3-1 of TR 38.821[2] (see also Table 11 in the Appendix section), the handheld terminal cases suffer more from the limit link budgets to achieve the up-link or down-link communication.  Therefore, the WID specially focuses on the commercial handheld smartphones. The handheld terminal cases in Table 6.1.1.1-9 of TR 38.821 [2] (see also Table 10 in Appendix) are selected and proposed to be evaluated in NTN coverage enhancements in Table 1, in which the elevation angle of the central beam edge is based on the assumptions in Table 6.2-4 and 6.2-5 of TR 38.821 [2] (see also Table 12 and Table 13 in the Appendix), and the assumed bandwidth is based on the bandwidth settings in Table 6.1.3.2-1 of TR 38.821 [2] (See also Table 14 in Appendix).
[bookmark: _Ref100666726][bookmark: _Hlk100667701]Table 1 Cases for Coverage Enhancement Evaluation
	Case List
	DL/UL
	Satellite orbit
	Satellite parameter set
	Elevation
Angle
Nadir/edge
	Terminal
	frequency band
	Bandwidth

	1
	UL
	LEO-600
	Set 1
	90/27deg
	Handheld
	S-band
	360KHz

	2
	UL
	LEO-1200
	Set 1
	90/26.3deg
	Handheld
	S-band
	360KHz

	3
	UL
	GEO
	Set 1
	90/2.3deg
	Handheld
	S-band
	360KHz

	4
	UL
	LEO-600
	Set 2
	90/23.8deg
	Handheld
	S-band
	360KHz

	5
	UL
	LEO-1200
	Set 2
	90/22.2deg
	Handheld
	S-band
	360KHz

	6
	UL
	GEO
	Set 2
	90/11deg
	Handheld
	S-band
	360KHz

	7
	DL
	LEO-600
	Set 1
	90/27deg
	Handheld
	S-band
	30MHz

	8
	DL
	LEO-1200
	Set 1
	90/26.3deg
	Handheld
	S-band
	30MHz

	9
	DL
	GEO
	Set 1
	90/2.3deg
	Handheld
	S-band
	30MHz

	10
	DL
	LEO-600
	Set 2
	90/23.8deg
	Handheld
	S-band
	30MHz

	11
	DL
	LEO-1200
	Set 2
	90/22.2deg
	Handheld
	S-band
	30MHz

	12
	DL
	GEO
	Set 2
	90/11deg
	Handheld
	S-band
	30MHz



1.2 Satellite and UE settings for link budget analysis
The link budget calculation parameters and procedures for the cases in Table 1 have been well discussed in 6.1.3 of TR 38.821[2] (see also Table 12, Table 13 and Table 17 in Appendix). Here, the essential simulation parameters of satellite and UE are summarized in Table 2 and Table 3, respectively.   
[bookmark: _Ref100669892]Table 2 Satellite parameters for coverage enhancement evaluation
	Set Type
	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

	Payload characteristics for DL transmissions

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

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

	Payload characteristics for UL transmissions

	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

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



[bookmark: _Ref100670327]Table 3 UE parameters for coverage enhancement evaluation
	Characteristics
	Handheld

	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

	Antenna gain 
	0 dBi per element or -5dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)


1.3 Link level simulation assumptions
Channel model for LLS has been defined in 6.1.2 of TR 38.821 [2]. The channel-specific LLS assumptions have been defined in A.1 of [4]. The performance metric for evaluation of the required SNR of each channel are summarized in Table 4.  
[bookmark: _Ref100674691]Table 4 Performance metric for coverage evaluation of physical layer channels
	Channel
	Performance target

	PUSCH
	For eMBB, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.

	
	For VoIP, 2% rBLER.

	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%.

	PRACH
	1% missed detection at 0.1% false alarm probability

	PDSCH
	For eMBB, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.

	
	For VoIP, 2% rBLER.

	PDCCH
	1% BLER



[bookmark: _Ref100763459]Table 5 Link level simulation parameters
	Carrier frequency
	2 GHz

	Channel coding scheme
	NR channel coding

	Subcarrier spacing
	15 kHz, 30 kHz

	Satellite antenna configuration
	1Tx/Rx

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



It should be noticed that and as explained in TR 38.821 [2] (see also Figure 6 and Figure 7 in Appendix):
●	For downlink transmission, a combination of the two Rx branches allows to prevent depolarization loss. (cf. Figure 6.1.1.1-3)
●	For uplink transmissions,
-	A 3dB depolarization loss should be taken into account assuming polarization reuse is applied and satellite reception implements circular polarization (e.g., when frequency reuse option 3 is considered) (cf. Figure 6.1.1.1-4 – configuration A)
-	A 0dB depolarization loss can be assumed when satellite reception implements dual polarization per beam (e.g., for the frequency reuse 1 and 3 cases) (cf. Figure 6.1.1.1-4 – configuration B)
The polarization loss could be handled by the receiver by implementation, e.g. by using coherent combination to composite the polarization loss, as shown in Figure 6 and Figure 7 in Appendix. Regarding how to capture the impact of polarization loss in the evaluation, in our evaluation, no polarization compensation loss will be assumed in the performance of LLS (e.g. BLER), and correspondingly the polarization loss is counted in the CNR of link budget.
Proposal 1: For Rel-18 NTN coverage evaluation, include 3 dB polarization loss in the link budget analysis and assume polarization loss is fully compensated in LLS. 
Proposal 2: Take the summarized simulation settings in Table 2-5 as the evaluation assumption in Rel-18 NTN coverage evaluation, which are based on the evaluation assumptions in TR 38.821. 
1.4 Data rate requirement for NTN coverage evaluation
As the WI addressed that the coverage enhancement work needs to cover the use case of voice and low-data rate services using commercial smartphones, the data channel performance should meet both the BLER and throughput requirement.  
Observation 1: For coverage enhancement for NR NTN, the data channel performance should meet both the BLER and throughput requirement.
For the throughput requirement of VoIP and low-data rate services for commercial handset terminals, the codec for Enhanced Voice Services (EVS), successor of the voice codec AMR-WB, standardized by the 3GPP SA4 in Release 12, should be chosen as the starting point. The EVS codec addresses 3GPP’s needs for cutting-edge technology enabling operation of 3GPP mobile communication systems in the most competitive means in terms of communication quality and efficiency. As defined in 
TS 26.441[5], an EVS audio codec capable UE shall support all source rates listed in Table 6.
[bookmark: _Ref100652764]Table 6 Source codec bit-rates for the EVS codec [5]
	Source codec bit-rate (kbit/s)
	Audio bandwidths supported
	Source Controlled Operation Available

	5,9 (SC-VBR)
	NB, WB
	Yes (Always On)

	7,2
	NB, WB
	Yes

	8.0
	NB, WB
	Yes

	9,6
	NB, WB, SWB
	Yes

	13,2
	NB, WB, SWB
	Yes

	13,2 (channel aware)
	WB, SWB
	Yes

	16,4
	NB, WB, SWB, FB
	Yes

	24,4
	NB, WB, SWB, FB
	Yes

	32
	WB, SWB, FB
	Yes

	48
	WB, SWB, FB
	Yes

	64
	WB, SWB, FB
	Yes

	96
	WB, SWB, FB
	Yes

	128
	WB, SWB, FB
	Yes


The EVS speech coder is capable of switching its bit-rate every 20 ms speech frame upon command. Accounting the headers from upper layers, the throughput requirement of PHY for VoIP is provided in Table 7.
[bookmark: _Ref100675224]Table 7 Throughput Requirement of PHY for VoIP considering higher layer overhead
	Codec
	Inter Tx Time (ms)
	Voice Payload (byte)
	RDCP-ROHC (byte)
	PDCP (SN 12 bit, byte)
	RLC (byte)
	MAC (byte)
	TBS (bits)
	Throughput Requirement (kbps)

	5.9
	20
	14.75
	3
	2
	1
	2
	182
	9.1


Proposal 3: For the service of VoIP, take 9.1 kbps as the minimum throughput requirement of the data channel coverage enhancement for NR NTN evaluation. 
The minimum user throughput target of 1 mbps on DL and 100 kbps on UL at the edge of coverage was defined in 6.17.2 of TS 22.261 [6]. However, for the GEO Nadir scenarios, this 100 kbps UL throughput could not be met under GEO nadir scenario based on our simulation results presented in Section 2.3. For low date rate service, the group can further discuss which kind of service is considered in the study.
Proposal 4: For the service of low-data rate, the target throughput requirement of the data channel for R-18 NR NTN should be studied.

2 Initial evaluation Results
Some evaluation results are provided based on the evaluation methodology proposed in Section 1. The initial results of PUSCH and PDSCH are provided. The results for PRACH, PDCCH and PUCCH are expected to be evaluated in the contribution in the next meeting.
2.1 Link budget analysis
The link budget for case 1-3 and 9 in Table 1 is provided in Table 8 under the evaluation assumptions proposed in proposal 2. Case 1, and 3 are for the uplink link budget analysis for GEO, LEO-600 and LEO-1200, respectively. Case 9 is the DL case for GEO. 
[bookmark: _Ref100676281][bookmark: _Ref100677803]Table 8 Link budget for case 1, 2, 3 and 9
	Case Number
	Parameter Set
	Orbit
	Channel BW [KHz]
	UE Location
	Elevation Angle
	CNR (GT = 0 dBi)
	CNR (GT = -5 dBi)

	1
	Set1
	GEO
	360
	Edge
	2.3
	-17.18 
	-22.18 

	
	Set1
	GEO
	360
	Nadir
	90
	-15.91 
	-20.91 

	2
	Set1
	LEO600
	360
	Edge
	27
	-3.88 
	-8.88 

	
	Set1
	LEO600
	360
	Nadir
	90
	1.80 
	-3.20 

	3
	Set1
	LEO1200
	360
	Edge
	26.3
	-9.27 
	-14.27 

	
	Set1
	LEO1200
	360
	Nadir
	90
	-4.22 
	-9.22 

	9
	Set1
	GEO
	30000
	Edge
	2.3
	-3.04 
	-8.04 

	
	Set1
	GEO
	30000
	Nadir
	90
	-1.77 
	-6.77 




2.2 Evaluation on PUSCH and PDSCH
The throughputs are evaluated versus SNR for various existing schemes with the residual BLER lower than 2%, as summarized in Table 4. The scenarios of UL LEO600-SET1-edge and UL GEO-SET1-nadir are evaluated for PUSCH under dual polarization per beam reception assumption, and the performance is illustrated in Figure 3 and Figure 4, respectively. Meanwhile, the performance evaluation results of DL GEO-SET1-nadir scenario are illustrated for PDSCH in Figure 5 under the 2 RX branch reception assumption. For Figure 3, Figure 4 and Figure 5, ideal channel estimation (ICE) is used in the simulation.
For UL, based on the results in Figure 3 and Figure 4, the existing enhancement schemes provided by Rel-17 specification can provide voice services for commercial smartphones with -5 dBi antenna gain assumption for UL LEO600-SET1-edge scenario if the polarization loss could be compensated. However, there is a large gap (~5 dB) between the CNR from link budget analysis and required SNR of PUSCH even assuming 0 dBi antenna gain and no polarization loss reception for UL GEO-SET1-edge scenario.
[image: ]
[bookmark: _Ref100678358][bookmark: _Ref100678301]Figure 3 Throughput versus SNR with rBLER lower than 2% evaluation results under UL Set1 LEO600 Edge scenario
[bookmark: _GoBack]Observation 2: The existing enhancement schemes provided by the Rel-17 specification can provide UL voice service for commercial smartphones under LEO 600 scenario including the edge UEs if satellite reception implementation compensates the polarization loss.
 [image: ]
[bookmark: _Ref100678359][bookmark: _Ref100678306]Figure 4 Throughput versus SNR with rBLER lower than 2% evaluation results under UL Set1 GEO Nadir scenario
Observation 3: The existing enhancement schemes provided by the Rel-17 specification cannot provide UL voice service for commercial smartphones under the GEO scenario even for nadir UEs with 0 dBi antenna gain. 
For DL, based on the results of Figure 5, the required decoding SNR of PDSCH under DL GEO-SET1-edge (– 9.89 dB wrt. 10% iBLER) is 0.96 dB lower than the CNR in the link budget analysis for GT of -5 dBi with a throughput of 1072.8 Kbps, which fully meets the VoIP requirement.

[image: ]
[bookmark: _Ref101354509][bookmark: _Ref101354502]Figure 5 BLER and throughput versus SNR evaluation results for PDSCH under DL Set1 GEO Nadir scenario
Observation 4: The required decoding SNR of PDSCH (-9.89 dB) is lower than the CNR of the link budget (-8.04) with much higher throughput than the typical EVS codec requirement to deliver VoIP traffic, even for GEO edge UEs.
However, the ITU regulation of limiting power flux density leads to a lower link budget [7], which might be lower than the PDSCH required decoding SNR. This needs to be discussed and make a conclusion whether the limitation of power flux density is assumed in NTN coverage study. 
Proposal 5: Discuss and align the view on whether the ITU regulatory limitations on power flux density is assumed for the DL NTN coverage enhancement study. 
Proposal 6: Prioritize the handheld terminal case, especially the UL cases in the NTN coverage enhancement study.
3 Conclusions
In summary, we discuss coverage performance evaluation methodology and simulation assumptions for NR NTN coverage enhancement and identify the bottleneck and priority channels in the coverage enhancement study for NR NTN based on simulation results. The following proposals are made: 
Observation 1: For coverage enhancement for NR NTN, the data channel performance should meet both the BLER and throughput requirement.
Observation 2: The existing enhancement schemes provided by the Rel-17 specification can provide UL voice service for commercial smartphones under LEO 600 scenario including the edge UEs if satellite reception implementation compensates the polarization loss.
Observation 3: The existing enhancement schemes provided by the Rel-17 specification cannot provide UL voice service for commercial smartphones under the GEO scenario even for nadir UEs with 0 dBi antenna gain. 
Observation 4: The required decoding SNR of PDSCH (-9.89 dB) is lower than the CNR of the link budget (-8.04) with much higher throughput than the typical EVS codec requirement to deliver VoIP traffic, even for GEO edge UEs.

Proposal 1: For Rel-18 NTN coverage evaluation, include 3 dB polarization loss in the link budget analysis and assume polarization loss is fully compensated in LLS. 
Proposal 2: Take the summarized simulation settings in Table 2-5 as the evaluation assumption in Rel-18 NTN coverage evaluation, which are based on the evaluation assumptions in TR 38.821. 
Proposal 3: For the service of VoIP, take 9.1 kbps as the minimum throughput requirement of the data channel coverage enhancement for NR NTN evaluation. 
Proposal 4: For the service of low-data rate, the target throughput requirement of the data channel for R-18 NR NTN should be studied.
Proposal 5: Discuss and align the view on whether the ITU regulatory limitations on power flux density is assumed for the DL NTN coverage enhancement study. 
Proposal 6: Prioritize the handheld terminal case, especially the UL cases in the NTN coverage enhancement study.
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[bookmark: _Ref100668471]Table 10 6.1.1.1-9: List of calibration study cases
	Case
	Satellite orbit
	Satellite parameter set
	Central beam elevation
	Terminal
	Frequency Band
	Frequency/ Polarization Reuse

	1
	GEO
	Set 1
	45 deg
	VSAT
	Ka-band
	Option 1

	2
	GEO
	Set 1
	45 deg
	VSAT
	Ka-band
	Option 2

	3*
	GEO
	Set 1
	45 deg
	VSAT
	Ka-band
	Option 3

	4*
	GEO
	Set 1
	45 deg
	Handheld
	S-band
	Option 1

	5*
	GEO
	Set 1
	45 deg
	Handheld
	S-band
	Option 2

	6
	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 1

	7
	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 2

	8*
	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 3

	9
	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	Option 1

	10
	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	Option 2

	11*
	LEO-1200
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 1

	12*
	LEO-1200
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 2

	13*
	LEO-1200
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 3

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

	15
	LEO-1200
	Set 1
	90 deg
	Handheld
	S-band
	Option 2

	16**
	GEO
	Set 2
	45 deg
	VSAT
	Ka-band
	Option 1

	17**
	GEO
	Set 2
	45 deg
	VSAT
	Ka-band
	Option 2

	18**
	GEO
	Set 2
	45 deg
	VSAT
	Ka-band
	Option 3

	19**
	GEO
	Set 2
	45 deg
	Handheld
	S-band
	Option 1

	20**
	GEO
	Set 2
	45 deg
	Handheld
	S-band
	Option 2

	21**
	LEO-600
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 1

	22**
	LEO-600
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 2

	23**
	LEO-600
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 3

	24**
	LEO-600
	Set 2
	90 deg
	Handheld
	S-band
	Option 1

	25**
	LEO-600
	Set 2
	90 deg
	Handheld
	S-band
	Option 2

	26**
	LEO-1200
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 1

	27**
	LEO-1200
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 2

	28**
	LEO-1200
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 3

	29**
	LEO-1200
	Set 2
	90 deg
	Handheld
	S-band
	Option 1

	30**
	LEO-1200
	Set 2
	90 deg
	Handheld
	S-band
	Option 2

	NOTE 1:	no star = 1st priority, * = second priority scenario, ** = third priority scenario
NOTE 2:	Only 1st priority cases will be considered for calibration phase 1



[bookmark: _Ref100668483]Table 11 6.1.3.3-1: Link budgets results
	Case
	Transmission mode
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	SC1
	DL
	20.0
	96.0
	15.9
	400.0
	210.6
	1.2
	0.0
	1.1
	0.0
	0.0
	11.6

	
	UL
	30.0
	76.2
	28.0
	400.0
	214.1
	1.1
	0.0
	1.1
	0.0
	0.0
	0.5

	SC2
	DL
	20.0
	91.2
	15.9
	133.3
	210.6
	1.2
	0.0
	1.1
	0.0
	0.0
	11.6

	
	UL
	30.0
	76.2
	28.0
	133.3
	214.1
	1.1
	0.0
	1.1
	0.0
	0.0
	5.2

	SC3
	DL
	20.0
	93.0
	15.9
	200.0
	210.6
	1.2
	0.0
	1.1
	0.0
	0.0
	11.6

	
	UL
	30.0
	76.2
	28.0
	200.0
	214.1
	1.1
	0.0
	1.1
	0.0
	0.0
	3.5

	SC4
	DL
	2.0
	103.8
	-31.6
	30.0
	190.6
	0.2
	3.0
	2.2
	0.0
	0.0
	0.0

	
	UL
	2.0
	23.0
	19.0
	0.4
	190.6
	0.2
	3.0
	2.2
	0.0
	0.0
	-10.9

	SC5
	DL
	2.0
	99.0
	-31.6
	10.0
	190.6
	0.2
	3.0
	2.2
	0.0
	0.0
	0.0

	
	UL
	2.0
	23.0
	19.0
	0.4
	190.6
	0.2
	3.0
	2.2
	0.0
	0.0
	-10.9

	SC6
	DL
	20.0
	60.0
	15.9
	400.0
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	8.5

	
	UL
	30.0
	76.2
	13.0
	400.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	18.4

	SC7
	DL
	20.0
	55.2
	15.9
	133.3
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	8.5

	
	UL
	30.0
	76.2
	13.0
	133.3
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	23.1

	SC8
	DL
	20.0
	57.0
	15.9
	200.0
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	8.5

	
	UL
	30.0
	76.2
	13.0
	200.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	21.4

	SC9
	DL
	2.0
	78.8
	-31.6
	30.0
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	6.6

	
	UL
	2.0
	23.0
	1.1
	0.4
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	2.8

	SC10
	DL
	2.0
	74.0
	-31.6
	10.0
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	6.6

	
	UL
	2.0
	23.0
	1.1
	0.4
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	2.8

	SC11
	DL
	20.0
	66.0
	15.9
	400.0
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	9.1

	
	UL
	30.0
	76.2
	13.0
	400.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	13.0

	SC12
	DL
	20.0
	61.2
	15.9
	133.3
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	9.1

	
	UL
	30.0
	76.2
	13.0
	133.3
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	17.8

	SC13
	DL
	20.0
	63.0
	15.9
	200.0
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	9.1

	
	UL
	30.0
	76.2
	13.0
	200.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	16.0

	SC14
	DL
	2.0
	84.8
	-31.6
	30.0
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	7.2

	
	UL
	2.0
	23.0
	1.1
	0.4
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	-2.6

	SC15
	DL
	2.0
	80.0
	-31.6
	10.0
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	7.2

	
	UL
	2.0
	23.0
	1.1
	0.4
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	-2.6

	SC16
	DL
	20.0
	88.0
	15.9
	400.0
	210.4
	0.8
	0.0
	0.5
	0.0
	0.0
	4.8

	
	UL
	30.0
	76.2
	20.0
	400.0
	213.9
	0.7
	0.0
	0.5
	0.0
	0.0
	-6.3

	SC17
	DL
	20.0
	83.2
	15.9
	133.3
	210.4
	0.8
	0.0
	0.5
	0.0
	0.0
	4.8

	
	UL
	30.0
	76.2
	20.0
	133.3
	213.9
	0.7
	0.0
	0.5
	0.0
	0.0
	-1.6

	SC18
	DL
	20.0
	85.0
	15.9
	200.0
	210.4
	0.8
	0.0
	0.5
	0.0
	0.0
	4.8

	
	UL
	30.0
	76.2
	20.0
	200.0
	213.9
	0.7
	0.0
	0.5
	0.0
	0.0
	-3.3

	SC19
	DL
	2.0
	98.3
	-31.6
	30.0
	190.4
	0.1
	3.0
	2.2
	0.0
	0.0
	-5.2

	
	UL
	2.0
	23.0
	14.0
	0.4
	190.4
	0.1
	3.0
	2.2
	0.0
	0.0
	-15.7

	SC20
	DL
	2.0
	93.5
	-31.6
	10.0
	190.4
	0.1
	3.0
	2.2
	0.0
	0.0
	-5.2

	
	UL
	2.0
	23.0
	14.0
	0.4
	190.4
	0.1
	3.0
	2.2
	0.0
	0.0
	-15.7

	SC21
	DL
	20.0
	52.0
	15.9
	400.0
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	0.5

	
	UL
	30.0
	76.2
	5.0
	400.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	10.4

	SC22
	DL
	20.0
	47.2
	15.9
	133.3
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	0.5

	
	UL
	30.0
	76.2
	5.0
	133.3
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	15.1

	SC23
	DL
	20.0
	49.0
	15.9
	200.0
	179.1
	0.5
	0.0
	0.3
	0.0
	0.0
	0.5

	
	UL
	30.0
	76.2
	5.0
	200.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	13.4

	SC24
	DL
	2.0
	72.8
	-31.6
	30.0
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	0.6

	
	UL
	2.0
	23.0
	-4.9
	0.4
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	-3.2

	SC25
	DL
	2.0
	68.0
	-31.6
	10.0
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	0.6

	
	UL
	2.0
	23.0
	-4.9
	0.4
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	-3.2

	SC26
	DL
	20.0
	58.0
	15.9
	400.0
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	1.1

	
	UL
	30.0
	76.2
	5.0
	400.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	5.0

	SC27
	DL
	20.0
	53.2
	15.9
	133.3
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	1.1

	
	UL
	30.0
	76.2
	5.0
	133.3
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	9.8

	SC28
	DL
	20.0
	55.0
	15.9
	200.0
	184.5
	0.5
	0.0
	0.3
	0.0
	0.0
	1.1

	
	UL
	30.0
	76.2
	5.0
	200.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	8.0

	SC29
	DL
	2.0
	78.8
	-31.6
	30.0
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	1.2

	
	UL
	2.0
	23.0
	-4.9
	0.4
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	-8.6

	SC30
	DL
	2.0
	74.0
	-31.6
	10.0
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	1.2

	
	UL
	2.0
	23.0
	-4.9
	0.4
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	-8.6

	NOTE:	The link budget calculations including CIR and CINR results contributed by the companies are available in [24].



[bookmark: _Ref100668532]Table 12 6.2-4: Set 1 satellite parameters for system-level simulation calibration (based on TR 38.821, Table 6.1.1.1-1)
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Clause 6.4.1 in TR 38.811
	Clause 6.4.1 in TR 38.811
	Clause 6.4.1 in TR 38.811

	Central beam edge  elevation
	2.3  degrees
	26.3  degrees
	27.0  degrees

	Central beam centre  elevation
	12.5  degrees
	30  degrees
	30  degrees

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	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 (Note 2)
	
	250 km
	90 km
	50 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 
(i.e. 2 GHz)
	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

	NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of [9].
NOTE 2: This beam size refers to the Nadir pointing of the satellite 
NOTE 3: All these satellite parameters are applied per beam.
NOTE 4: The EIRP density values are considered identical for all frequency re-use factor options.
NOTE 5: The EIRP density values are provided assuming the satellite HPA is operated with a back-off of [10] dB.
NOTE 6: The  parameters corresponding to Ka-band for DL and UL  in TR 38.821 Table 6.1.1.1-1 were removed.



[bookmark: _Ref100668538]Table 13 6.2-5: Set 2 satellite parameters for system-level simulation calibration  (based on TR 38.821, Table 6.1.1.1-2)
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Clause 6.4.1 in TR 38.811
	Clause 6.4.1 in TR 38.811
	Clause 6.4.1 in TR 38.811

	Central beam edge elevation
	11.0 degrees
	22.2 degrees
	23.8 degrees

	Central beam center elevation
	20 degrees
	30 degrees
	30 degrees

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	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 degrees
	8.8320 degrees
	8.8320 degrees

	Satellite beam diameter (Note 2)
	
	450 km
	190 km
	90 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 
(i.e. 2 GHz)
	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

	NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of [9].
NOTE 2: This beam size refers to the Nadir pointing of the satellite 
NOTE 3: All these satellite parameters are applied per beam.
NOTE 4: The EIRP density values are considered identical for all frequency re-use factor options.
NOTE 5 : The  parameters corresponding to Ka-band for DL and UL  in TR 38.821 Table 6.1.1.1-1 were removed.

	



[bookmark: _Ref100668551]Table 14 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





Table 15 6.1.1.1-1: Set-1 satellite parameters for system level simulator calibration [2]
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	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 (Note 2)
	
	250 km
	90 km
	50 km

	Equivalent satellite antenna aperture (Note 1)
	Ka-band
(i.e. 20 GHz for DL)
	5 m
	0.5 m
	0.5 m

	Satellite EIRP density
	
	40 dBW/MHz
	10 dBW/MHz
	4 dBW/MHz

	Satellite Tx max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi

	3dB beamwidth
	
	0.1765 deg
	1.7647 deg
	1.7647 deg

	Satellite beam diameter (Note 2)
	
	110 km
	40 km
	20 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 
(i.e. 2 GHz)
	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

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	3.33 m
	0.33 m
	0.33 m

	G/T
	
	28 dB K-1
	13 dB K-1
	13 dB K-1

	Satellite RX max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi

	NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of [2].
NOTE 2: This beam size refers to the Nadir pointing of the satellite 
NOTE 3: All these satellite parameters are applied per beam.
NOTE 4: The EIRP density values are considered identical for all frequency re-use factor options.
NOTE 5: The EIRP density values are provided assuming the satellite HPA is operated with a back-off of [5] dB.



Table 16 6.1.1.1-2: Set-2 satellite parameters for system level simulator calibration [2]
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	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 (Note 2)
	
	450 km
	190 km
	90 km

	Equivalent satellite antenna aperture (Note 1)
	Ka-band
(i.e. 20 GHz for DL)
	2 m
	0.2 m
	0.2 m

	Satellite EIRP density
	
	32 dBW/MHz
	2 dBW/MHz
	-4 dBW/MHz

	Satellite Tx max Gain
	
	50.5 dBi
	30.5 dBi
	30.5 dBi

	3dB beamwidth
	
	0.4412 deg
	4.4127 deg
	4.4127 deg

	Satellite beam diameter (Note 2)
	
	280 km
	90 km
	50 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band
(i.e. 2 GHz)
	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

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	1.33 m
	0.13 m
	0.13 m

	G/T
	
	20 dB K-1
	5 dB K-1
	5 dB K-1

	Satellite Rx max Gain
	
	50.5 dBi
	30.5 dBi
	30.5 dBi

	NOTE 1:	This value is equivalent to the antenna diameter in Sec. 6.4.1 of [2].
NOTE 2:	This beam size refers to the Nadir pointing of the satellite 
NOTE 3:	All these satellite parameters are applied per beam.
NOTE 4:	The EIRP density values are considered identical for all frequency re-use factor options.



[bookmark: _Ref100669879]Table 17 6.1.1.1-3: UE characteristics for system level simulations [2]
	Characteristics
	VSAT (Note 2)
	Handheld
	Other (Note 1)

	Frequency band
	Ka band(i.e. 30 GHz UL and 20 GHz DL)
	S band (i.e. 2 GHz)
	Ka band(i.e. 30 GHz UL and 20 GHz DL)

	Antenna type and configuration
	Directional
Section 6.4.1 of [2] with 60 cm equivalent aperture diameter
	(1, 1, 2) with omni-directional antenna element

	Directional
(M,N,P,Mg,Ng) = (TBD,TBD,2,1,1); (dV,dH) = (TBD, TBD)λ with directional antenna element (HPBW=65 deg)

	Polarisation
	circular
	Linear: +/-45°X-pol
	Linear: +/-45°X-pol

	Rx Antenna gain 
	39.7 dBi 
	0 dBi per element
	TBD dBi per element

	Antenna temperature
	150 K
	290 K
	TBD K

	Noise figure
	1.2 dB
	7 dB
	TBD dB

	Tx transmit power
	2 W (33 dBm)
	200 mW (23 dBm)
	[TBD W (TBD dBm)]

	Tx antenna gain
	43.2 dBi
	0 dBi per element
	TBD dBi per element

	NOTE 1:	Moving platforms (e.g., aircrafts, vessels), building mounted devices. These values are provided for information.
NOTE 2:	VSAT terminal characteristics could be implemented with phased array antenna




[bookmark: _Ref101963762]Figure 6 6.1.1.1-3: Example of DL RX/TX configuration for handheld use cases [2]

[bookmark: _Ref101963784]Figure 7 6.1.1.1-4: Example of UL RX/TX configurations for handheld use cases [2]
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