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[bookmark: OLE_LINK73][bookmark: OLE_LINK74]Coverage enhancement for voice and low-data rate services over commercial smart phones was included in the scope of the Rel-18 work item for NTN [1]. In the RAN1#109-e meeting, link budget parameters and simulation cases had been agreed. In this contribution, we present the link budget analysis and simulation results for the voice and low-data rate services.

Discussion 
0. Link budget analysis
For link budget calculation, parameters configuration in the following table are agreed in the last meeting shown in table 1.
Table 1 Parameter configuration for link budget analysis
	Parameters
	Notes

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

	Channel bandwidth
	DL:10Mhz, 30Mhz; UL: 360khz

	Satellite altitude
	600 km, 1200 km, 10000 km, 35786 km

	Target elevation angle
	30 (LEO), 12.5 (GEO-Set 1) , 20° (GEO –Set 2), 30° (MEO)[3]

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

	Shadowing margin
	3 dB

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

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Satellite antenna polarization
	Circular polarization

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

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

	Terminal RF parameters
	Table6.1.1.1-3 in TR38.821

	Satellite RF parameters
	Table6.1.1.1-1 and Table6.1.1.1-2 in TR38.821, RP-220590 (MEO)

	Polarization loss
	As agreed separately

	Outcome
	CNR

	· NOTE 1:  Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of [2] after frequency scaling.
· [image: cid:image002.png@01D86B64.CB773B00]dB
· NOTE 2: [2] in this table is 3GPP TR 38.811 v15.2.0: "Study on New Radio (NR) to support non-terrestrial networks (Release 15)"
· NOTE3: these values are elevation angles at the edge of the edge beam.


 
Evaluate coverage performance for the following UE characteristics as in Table 6.1.1.1-3 of TR38.821 with update of polarization, Tx/Rx antenna gain, and antenna type and configuration. As the work item aims at coverage enhancements for NG-RAN based NTN (non-terrestrial networks) according to the assumptions of commercial handset terminals (e.g. Power class 3) are supported in FR1. For handset UE, we only consider S-band. Due to the shell cover and body absorption, especially the metal shell, the signal will be attenuated; thus, antenna gain is possibly less than 0dBi. -5dBi antenna gain is assumed for the LLS parameters in the last meeting.

Table 2: UE characteristics for link budget analysis
	Characteristics
	Handheld

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

	Antenna type and configuration
	1 TX, / 1RX with omni-directional antenna element
with single linearly polarized antenna element

	Polarisation
	Linear

	Rx Antenna gain 
	[X] dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	[X] dBi per element

	Note: X = -5 as working assumption




For NR NTN coverage enhancement, evaluate the following cases as shown Table 3.
Table 3: UE characteristics for link budget analysis
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Terminal
	Frequency band
	Service type

	1
	GEO
	1
	12.5
	Handset
	S-band
	Low-data rate service

	2
	GEO
	2
	20
	Handset
	S-band
	Low-data rate service

	3 (Optional)
	LEO-1200
	1
	30
	Handset
	S-band
	VoIP

	4
	LEO-1200
	2
	30
	Handset
	S-band
	VoIP

	5 
	LEO-1200
	2
	30
	Handset
	S-band
	Low-data rate service

	6 (Optional)
	LEO-600
	1
	30
	Handset
	S-band
	VoIP

	7 
	LEO-600
	2
	30
	Handset
	S-band
	VoIP

	8 (Optional)
	LEO-600
	2
	30
	Handset
	S-band
	Low-data rate service

	9 (Optional, with higher priority than case 10)
	MEO
	1
	30
	Handset
	S-band
	Low-data rate service

	10 (Optional)
	MEO
	2
	30
	Handset
	S-band
	Low-data rate service



According to some scenarios in Table 3, we consider scenarios Set-1 and Set-2 to analyze link budget for LEO600, LEO1200, GEO and MEO.The detailed two sets of satellite parameters are considered as the baseline for link budget analysis as shown in Appendix-1.

Based on the above assumption, we calculate the link budget of GEO, LEO-1200km and LEO-600km at Set-1/Set-2 as follows:
Table 4: link budget analysis results for LEO/GEO/MEO
	　
	　
	
	S（Set-1）
	
	S（Set-2）

	　
	　
	DL
	
	UL
	DL
	
	UL

	Bandwith
	MHz
	/
	1PRB
	2PRB
	6PRB
	12PRB
	/
	1PRB
	2PRB
	6PRB
	12PRB

	LEO-600
	dB
	-1.42
	-2.25
	-5.25
	-10.02
	-13.03
	-7.42
	-8.25
	-11.25
	-16.02
	-19.03

	LEO-1200
	dB
	-0.81
	-8.64
	-10.64
	-15.41
	-18.42
	-6.81
	-13.64
	-16.64
	-21.41
	-24.42

	MEO
	dB
	-5.60
	-11.53
	-14.53
	-19.30
	-22.31
	-11.20
	-21.73
	-23.73
	-28.51
	-31.51

	GEO
	dB
	-7.90
	-15.93
	-18.93
	-23.70
	-26.72
	-13.78
	-21.67
	-23.67
	-28.44
	-31.45



Based on link budget results，there are more worse CNR results at Set-2 scenarios than Set-1scenarios.There are bad CNR results in the scenarios of GEO, especially set-2 scenarios. The uplink link budget is worse than downlink link budget.

We calculated link budget at different bandwith for downlink, and got some observations that the link budget results for downlink are unrelated to the bandwith.

Observation 1: There are bad CNR results in the scenarios of GEO, especially set-2 scenarios, and the uplink link budget is worse than downlink link budget.
Observation 2: The link budget results for downlink are unrelated to the bandwith.

Proposal 1: Deprioritize GEO scenarios and Set-2 for NTN handset case.   

0. Performance evaluation
Rel-18 WID work scope covers 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. For low-data rate service, the following target data rate is assumed in the last meeting.
· For DL, 3 kbps if satellite EIRP density lower than values in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band, or values in table 6.1.1.1-1/2 of RP-220590 for MEO and S-band due to ITU regulatory limitations on power flux density is considered; otherwise, 1 Mbps
· For UL, 3 kbps and 100 kbps
For voice, the traffic typically arrives in a regular pattern, for example, one voice frame per 20 ms. The repetitions for a voice frame need to be completed before the next voice frame arrives. Therefore, there is a limit on the number of repetitions that can be used for a voice frame. As we can observe, PUSCH is the bottleneck channel for voice. 
In contrast, for low-data rate services, such as SMS, the latency requirement may be much relaxed than that for the voice service, and hence PUSCH is not the bottleneck channel for low-data rate services. Rather, channels associated with initial access including PRACH and Msg3 become the bottleneck channels. Generally, the link budget results of downlink are better than the link budget results of uplink. For NR NTN coverage enhancement, we evaluated the following channels/signals:
· PUSCH for VoIP
· PUSCH for low data rate service
· PUCCH format 1 with 2 bits 
· PUCCH format 3 with 11 bits 
· PRACH format 0
· PRACH format 2
· PRACH format B4 
· PUSCH Msg.3 
· PUCCH for Msg.4 HARQ-ACK
· SSB
· PDSCH for VoIP
· PDSCH for low data rate service
· PDSCH Msg.2 
· PDSCH Msg.4
· PDCCH
· Broadcast PDCCH (PDCCH of Msg.2)

[bookmark: OLE_LINK16][bookmark: OLE_LINK17]It provided the fast fading channel model parameters for different scenario in the TR38.811, according to which we can obtain the NTN-CDL-A (NLOS) and NTN-CDL-C (LOS) channel models coefficients for different scenario, and then we obtain the NTN-TDL-A (NLOS) and NTN-TDL-C (LOS) channel models coefficients for different scenario through spatial filter.In S band, minimum coherence bandwidth is 200kHz for LEO/MEO/GEO satellite.The maximum delay spread is 100ns in satellite scenarios.For the sake of simplification, we use the channel models in Table 6.9.2-1 and Table 6.9.2-3 of TR38.811 with delay spread of 100ns. The common assumptions for evaluation are shown in Table 5.

[bookmark: _Ref110523667]Table 5: Evaluation assumptions for all channels/signals
	Conditions
	Value

	Channel model
	NTN-TDL-A (NLOS) and NTN-TDL-C (LOS)

	Delay spread
	100ns

	Channel estimation
	Realistic estimation: MMSE1D1D

	SCS
	15kHz

	UE speed
	3km/hr

	Frequency drift:
	Not assumed

	Frequency offset:
	0.1ppm

	UE Antenna type and configuration
	1 TX / 2RX with omni-directional antenna element




PUSCH
For VoIP, AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) with 20 ms data, and allocated in 6PRB with QPSK. For coverage evaluation of PUSCH in NR NTN, the following table is assumed for LLS. 
Table 6: PUSCH parameters assumption for VoIP and low data rate service
	Parameter
	Value

	Frequency hopping 
	w/o frequency hopping

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Number of UE transmit chains 
	1 

	DMRS configuration 
	Type I, Single DMRS symbol, no multiplexing with data.
Position: #OS3 and#OS10

	Waveform
	DFT-s-OFDM

	PUSCH duration        
	14 OS

	Repetitions 
	type A repetition
The actual number of repetitions: 1/2/4/8/16/32
Same RVs

	HARQ configuration 
	NO HARQ 

	PRBs/TBS/MCS for low data rate service
	6PRB//MCS=0
BPSK

	PRBs/MCS for VoIP
	6PRB/TBS size: 184bit/MCS=0
QPSK for VoIP



Simulation results PUSCH for VoIP without hopping and without HARQ are shown in Figure 1.The results in the channel model of NTN-TDL-A are worse 6dB or so than the results based on NTN-TDL-C. Based on NTN-TDL-C, PUSCH for VoIP requires about SNR -12dB to achieve a BLER 10-2 and can meet requirements of link budgets by 16 repetitions in LEO-600 set-1/2 and LEO-1200 set-1.

[image: C:\Users\hanbo\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\U8VO6SIF\NTN-TDL-A1.png] [image: C:\Users\hanbo\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\U8VO6SIF\NTN-TDL-C1.png] 
[bookmark: _Ref109639816][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]Figure 1 simulation results PUSCH for VoIP

Simulation results PUSCH for low data rate without hopping and without HARQ are shown in Figure 2.The results based on NTN-TDL-A are worse 5dB or so than the results based on NTN-TDL-C. Based on NTN-TDL-C, PUSCH for low data rate requires SNR about -11dB to achieve a BLER 10-1 and can meet requirements of link budgets by 4 repetitions in LEO-600 set-1. Moreover, PUSCH for low data rate requires SNR about -17dB to achieve a BLER 10-1 and can meet requirements of link budgets by 16 repetitions in LEO-600 set-1.  

 [image: ] [image: ]
[bookmark: _Ref110526439]Figure 2 simulation results PUSCH for low data rate scene

Observation 3: PUSCH for VoIP can achieve a BLER 10-2 and meet requirements of link budgets by existing Rel-17 CE technologies based on NTN-TDL-C in LEO-600 set-1. 
Observation 4: PUSCH for low data rate can achieve a BLER 10-1 and meet requirements of link budgets by existing Rel-17 CE technologies based on NTN-TDL-C in LEO-600 set-1/2 and LEO-1200 set-1.

For coverage evaluation of PUSCH Msg.3 in NR NTN, the following table is assumed.
Table 7: PUSCH parameters assumption for MSG3
	Parameter
	Value

	Frequency hopping
	w/o frequency hopping

	Number of UE transmit chains
	1

	Number of DMRS symbol
	Type I, Single DMRS symbol, no multiplexing with data.
Position: #OS3 and#OS10

	Waveform 
	DFT-s-OFDM

	HARQ configuration
	NO HARQ

	PUSCH duration        
	14 OS

	Number of PRBs
	2

	TBS
	56 bits

	Repetitions 
	type A repetition
The actual number of repetitions: 1/2/4/8/16
Same RVs



Simulation results PUSCH MSG3 without hopping and without HARQ are shown in Figure 3.The results based on NTN-TDL-A are worse 6.5dB or so than the results based on NTN-TDL-C. Based on NTN-TDL-C, PUSCH MSG3 requires SNR about -11.5dB to achieve a BLER 10-1 and can meet requirements of link budgets by 8 repetitions in LEO-600 set-1. PUSCH MSG3 requires about SNR -14dB to achieve a BLER 10-1 and can meet requirements of link budgets by 16 repetitions in LEO-600 set-1/2 and LEO-1200 set-1. 
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[bookmark: _Ref110528333]Figure 3 simulation results PUSCH for MSG3
Observation 5: PUSCH MSG3 can achieve a BLER 10-1 and meet requirements of link budgets by existing R17 CE technologies based on NTN-TDL-C in LEO-600 set-1/2 and LEO-1200 set-1.

PUCCH
For coverage evaluation of PUCCH in NR NTN, the following table is assumed.
Table 8: PUCCH parameters assumption
	Parameter
	Value

	PUCCH format 
	[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Format 1, 2bits UCI.
Format 3, 11 bits UCI

	Frequency hopping
	w/o 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%

	Number of UE transmit chains
	1 

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

	Repetitions
	w/ repetition.
The maximum number of repetitions is 8.

	PUCCH duration        
	14 OS

	Number of PRBs
	1 PRB

	Other parameters
	NONE



Simulation results of PUCCH format1 without hopping are shown in Figure 4. Based on NTN-TDL-C, PUCCH format1 requires SNR about -5.2dB to achieve a BLER 10-2 and can meet requirements of link budgets b in LEO-600 set-1. The maximum repetition number for PUCCH is increased to K=32 in the existing R17 CE. The performance of PUCCH format1 can achieve a BLER 10-2and can meet requirements of link budgets by repetitions in LEO-600 set-1/2 and LEO-1200 set-1/2 and MEO set-1 and GEO set-1.
[image: C:\Users\miaom\AppData\Local\Temp\WeChat Files\fc29026aa2c27b587b5427a2ce16690.jpg]
[bookmark: _Ref110946751]Figure 4 simulation results PUCCH format1
Simulation results of PUCCH format3 without hopping are shown in Figure 5.The results based on NTN-TDL-A are worse 10dB or so than the results based on NTN-TDL-C. Based on NTN-TDL-C, PUCCH format3 requires about SNR -9.5dB to achieve a BLER 10-2 and can meet requirements of link budgets by 4 repetitions in LEO-600 set-1/2 and LEO-1200 set-1. Moreover, PUCCH format3 requires about SNR -12.5dB to achieve a BLER 10-2and can meet requirements of link budgets by 8 repetitions in LEO-600 set-1/2 and LEO-1200 set-1 and MEO set-1.
[image: ][image: ]
[bookmark: _Ref110592492]Figure 5 simulation results PUCCH format3

Observation 6: PUCCH format3 can achieve a BLER 10-2 and meet requirements of link budgets by exsiting R17 CE technologies based on NTN-TDL-C in LEO-600 set-1/2 and LEO-1200 set-1 and MEO set-1.

PRACH
It has been agreed that the evaluation PRACH format 0，2 and B4 in the RAN#109 meeting.The following table provides the LLS parameters for PRACH performance evaluation.
Table 9: PRACH parameter assumptions
	Parameter
	Value

	Format
	Format 0, Format B4, Format 2

	SCS
	See Table 10，Format 0,2（1.25kHz）B4（15kHz）

	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

	Other parameters
	None




[bookmark: _Ref110663016]Table 10: PRACH formats evaluated where 
	Format
	

	

	

	

	Support for restricted sets

	0
	839
	1.25 kHz
	
	
	Type A, Type B

	2
	839
	1.25 kHz
	
	
	Type A, Type B

	B4
	139
	

	

	

	-



In terms of detailed PRACH evaluation, we think several issues should be considered. Firstly SINR range should be conditioned to link budget result. Secondly the frequency offset evaluation should cover the oscillator error and Doppler shift. 

· Case 1: different SNR range 
If NTN system works in low SINR range, the sequence length would be a dominated factor. For sake of performance robustness, the sequence-839 is desired to resist low SINR. Figure 6 shows the performance comparison of sequence-839 and sequence-139. The sequence-839 is configured as PRACH format0 and format2 with 1.25kHz SCS.The sequence-139 applies PRACH Format B4 with 15kHz SCS.
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[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: _Ref110664093]                 Figure 6 PRACH performance for different sequence length
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13]Simulation results PRACH Format0,2 and B4 are shown in Figure 6.The results based on NTN-TDL-A are worse 9dB or so than the results based on NTN-TDL-C. The sequence length of PRACH Format0 and Format2 are 839 and occupy 6PRB, otherwise, the sequence length of PRACH B4(SCS=15kHz) is 139 and occupy 12PRB. Based on NTN-TDL-C, Format0 and B4 requires about SNR -11.2dB to achieve a missed detection 10-2 and Format2 requires about SNR -16dB to achieve a missed detection 10-2 ,so Format0 and Format2 can meet requirements of link budgets in LEO-600 set-1 only and Format B4 don’t meet requirements of link budgets. In the existing R17 CE technologies, there are no conclusions about PRACH enhancement. In order to adapt to NTN scenerios, it is necessary to enhance PRACH transmission, escpecially length-139 sequence. We provide some simulation results on PRACH repetitions, as shown in Figure 7. In engineering applications, PRACH repetitions can be achieved by configuring multiple consecutive random access occasions, e.g configurable 1, 2, 4, 8, 16 consecutive random access occasions.
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(a) Format0                                     (b) Format2
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(c) Format B4
[bookmark: _Ref110933224]Figure 7 PRACH performance for reptition
Observation 7: PRACH sequence with length-839 is better than the sequence with length-139 in low SNR case.
Observation 8: In order to adapt to NTN scenerios, it is necessary for PRACH to enhance by repetitions, especially the sequence of length-139.


· Case 2: different frequency offset
We pick up the Format B4 for performance evaluation on frequency offset. When the frequency offset is configured with 0khz, 2khz,5khz , the related results are shown in the Figure 8.                 
[image: E:\0-2019年卫星项目\2-3GPP文稿工作\RAN1#109e\仿真\formatB4加频偏(2).png]
[bookmark: _Ref110663881]Figure 8 PRACH performance for different frequency offset

Based on the result of Figure 8, the performance of PRACH gradually decreases as the frequency offset increases, and the performance of PRACH with 5kHz frequency offset decreases 1.8dB or so compared to no frequency offset.
Observation 9: PRACH format B4 of sequence-139 doesn’t match uplink link budget, nevertheless, it is worth doing enhancement due to tolerating larger frequency offset than PRACH of sequence-839.

[bookmark: OLE_LINK14][bookmark: OLE_LINK15]As can be seen from the simulation results, the PRACH performance will face too large gap in GEO Set-1 and all altitude satellites of Set-2 scenario. PRACH should be enhanced on LEO-600 Set-1 and LEO-1200 Set-1 and MEO Set-1 scenarios.

Proposal 2: PRACH transmission should be enhanced for coeverage enhancement based on simulation results.
Proposal 3: PRACH repetitions can be achieved by configuring multiple consecutive random access occasions in applications, with configurable 1,2,4,8,16 consecutive random access occasions.

PDCCH
For coverage evaluation of PDCCH in NR NTN, the following table is assumed.
Table 10: PDCCH parameters assumption
	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Aggregation level
	16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	None

	Rx antenea
	2Rx

	BLER
	1% BLER
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[bookmark: _Ref110688100]Figure 8 PDCCH performance

Simulation results of PDCCH are shown in Figure 8.The results based on NTN-TDL-A are worse 8dB or so than the results based on NTN-TDL-C. Based on NTN-TDL-C, PDCCH requires SNR about -16dB to achieve a BLER 10-2 and can meet requirements of link budgets by 4 repetitions in all scenarios. Based on NTN-TDL-A, PDCCH requires about SNR -7.2dB to achieve a BLER 10-2and can meet requirements of link budgets by 4 repetitions in LEO-600 set-1/2 and LEO-1200 set-1/2 and MEO set-1. 
Observation 10: PDCCH can achieve a BLER 10-2 and meet requirements of set-1 link budgets by exsiting R17 CE technologies based on NTN-TDL-C in without PFD limitation case.

SSB
For coverage evaluation of SSB in NR NTN, the following table is assumed.
Table 12: SSB parameters assumption
	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Periodicity
	20ms

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

	Number of SSB for broadcast PDCCH of Msg.2
	1/2/4/8times






[image: cid:image001.png@01D8ABF4.FB1B4D30]
[bookmark: _Ref110947911]Figure 9 SSB performance 
Simulation results of SSB are shown in Figure 9. Based on NTN-TDL-C, SSB detection requires SNR about -4dB to achieve missed detection 10-2 and can meet requirements of link budgets in LEO-600 set-1 and LEO-1200 set-1. SSB detection requires SNR about -7.8dB to achieve missed detection 10-2  by 4 reptitions and can meet requirements of link budgets in LEO-600 set-1 and LEO-1200 set-1 and MEO set-1.We proposed the SSB should be enhanced by the combination of multiple SSBs，even without PFD limitation in order to support all altitude in set-1, with configurable 1,2,4,8 SSB repetitions. 

Proposal 4: SSB transmission should be enhanced with reptitions even without PFD limitation.

PDSCH
For coverage evaluation of PDSCH in NR NTN, the following table is assumed.
Table 13: PDSCH parameters assumption
	Parameter
	Value

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	no HARQ

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


	PRBs/TBS/MCS for low data rate service
	4PRB/120bit/ MCS0




[image: cid:image004.png@01D8AE29.5BED2530]
Figure 10 PDSCH performance
According to the above simulation results and link budget results，based on NTN-TDL-C, PDSCH requires SNR about -6.2dB to achieve a BLER 10-1 and can meet requirements of link budgets without repetitions in set-1 scenarios except to GEO, so PDSCH are not bottleneck if not considering PFD limitation. For DL data rate, since the DL performance is affected by the satellite EIRP, we may first consider how to handle the PFD limit. If the limitation can be avoided by frequency management, high DL data rate can be achieved. Otherwise, low data rate and CE should be assumed.
Observation 11: PDSCH can achieve a BLER 10-1 and meet requirements of set-1 link budgets except to GEO by exsiting R17 CE technologies based on NTN-TDL-C at without PFD limitation case.
1 Summary
Base on R17 CE technologies, SINR gap compared to link budgets threshold is shown in Table 14 and Table 15. 

[bookmark: _Ref111109448]Table 14: Performance evaluation results for Set-1 in NTN-TDL-C
	Physical Channels
	PUSCH for VoIP
	PUSCH for low data rate
	PUSCH MSG3
	PUCCH F1
	PUCCH F3
	PRACH F0
	PRACH F2
	PRACH B4
	PDCCH
	SSB
	PDSCH

	Threshold(dB)
	-11.8
	-20
	-14
	-14.2
	-12.4
	-11.2
	-15.8
	-11.2
	-11
	-4
	-6.2

	LEO-600
	√
	√
	√
	√
	√
	√
	√
	-1.83
	√
	2.58
	√

	LEO-1200
	-3.61
	√
	√
	√
	√
	-4.21
	√
	-7.22
	√
	3.19
	√

	MEO
	-7.5
	√
	-0.53
	√
	√
	-8.1
	-3.5
	-11.11
	√
	-1.60
	√

	GEO
	-11.9
	-3.7
	-4.93
	-1.73
	-3.52
	-12.5
	-7.9
	-15.52
	√
	-3.9
	-1.7




[bookmark: _Ref111109450]Table 15: Performance evaluation results for Set-2 in NTN-TDL-C
	Physical Channels
	PUSCH for VoIP
	PUSCH for low data rate
	PUSCH MSG3
	PUCCH F1
	PUCCH F3
	PRACH F0
	PRACH F2
	PRACH B4
	PDCCH
	SSB
	PDSCH

	Threshold(dB)
	-11.8
	-20
	-14
	-14.2
	-12.4
	-11.2
	-15.8
	-11.2
	-11
	-4
	-6.2

	LEO-600
	-4.22
	√
	√
	√
	√
	-4.82
	-0.22
	-7.83
	√
	-4.24
	-1.22

	LEO-1200
	-9.61
	-1.41
	-2.64
	√
	-1.23
	-10.21
	-5.61
	-13.22
	√
	-9.63
	-0.61

	MEO
	-16.70
	-8.51
	-9.73
	-7.53
	-8.32
	-17.3
	-12.7
	-20.31
	-0.2
	-16.72
	-5.0

	GEO
	-16.64
	-8.44
	-9.67
	-7.67
	-8.26
	-17.24
	-12.64
	-20.25
	-2.23
	-16.65
	-7.58


Note: (√ means reusing R17 CE technologies is sufficient,  negative value means additional enhancement gap needed).

Based on above results, the enhanced channel should consider the SINR gap is within the 5dB, since the larger repetitions are infeasible considering the achievable gain will be shrinked as the repetitions increasing.
Proposal 5: Possible channel enhancement for NTN should take into accout the cases with SINR gap less than 5dB as shown in table 14 and table 15.
[bookmark: _GoBack]
2 Conclusion
In this contribution we analyse link budgets and evaluate the performance of some physical channels. Based on the evaluated result, we have the following proposals:
Proposal 1: Deprioritize GEO scenarios and set-2 for NTN handset case. 
Proposal 2: PRACH transmission should be enhanced for coeverage enhancement based on simulation results.
Proposal 3: PRACH repetitions can be achieved by configuring multiple consecutive random access occasions in applications, with configurable 1,2,4,8,16 consecutive random access occasions.
Proposal 4: SSB transmission should be enhanced with reptitions even without PFD limitation.
Proposal 5: Possible channel enhancement for NTN should take into accout the cases with SINR gap less than 5dB as shown in table 14 and table 15.

Table 14: Performance evaluation results for Set-1 in NTN-TDL-C
	Physical Channels
	PUSCH for VoIP
	PUSCH for low data rate
	PUSCH MSG3
	PUCCH F1
	PUCCH F3
	PRACH F0
	PRACH F2
	PRACH B4
	PDCCH
	SSB
	PDSCH

	Threshold(dB)
	-11.8
	-20
	-14
	-14.2
	-12.4
	-11.2
	-15.8
	-11.2
	-11
	-4
	-6.2

	LEO-600
	√
	√
	√
	√
	√
	√
	√
	-1.83
	√
	2.58
	√

	LEO-1200
	-3.61
	√
	√
	√
	√
	-4.21
	√
	-7.22
	√
	3.19
	√

	MEO
	-7.5
	√
	-0.53
	√
	√
	-8.1
	-3.5
	-11.11
	√
	-1.60
	√

	GEO
	-11.9
	-3.7
	-4.93
	-1.73
	-3.52
	-12.5
	-7.9
	-15.52
	√
	-3.9
	-1.7



Table 15: Performance evaluation results for Set-2 in NTN-TDL-C
	Physical Channels
	PUSCH for VoIP
	PUSCH for low data rate
	PUSCH MSG3
	PUCCH F1
	PUCCH F3
	PRACH F0
	PRACH F2
	PRACH B4
	PDCCH
	SSB
	PDSCH

	Threshold(dB)
	-11.8
	-20
	-14
	-14.2
	-12.4
	-11.2
	-15.8
	-11.2
	-11
	-4
	-6.2

	LEO-600
	-4.22
	√
	√
	√
	√
	-4.82
	-0.22
	-7.83
	√
	-4.24
	-1.22

	LEO-1200
	-9.61
	-1.41
	-2.64
	√
	-1.23
	-10.21
	-5.61
	-13.22
	√
	-9.63
	-0.61

	MEO
	-16.70
	-8.51
	-9.73
	-7.53
	-8.32
	-17.3
	-12.7
	-20.31
	-0.2
	-16.72
	-5.0

	GEO
	-16.64
	-8.44
	-9.67
	-7.67
	-8.26
	-17.24
	-12.64
	-20.25
	-2.23
	-16.65
	-7.58


Proposal 6: Note: (√ means reusing R17 CE technologies is sufficient,  negative value means additional enhancement gap needed).


Meanwhile some observations are listed as follows:

Observation 1: There are bad CNR results in the scenarios of GEO, especially set-2 scenarios, and the uplink link budget is worse than downlink link budget.
Observation 2: The link budget results for downlink are unrelated to the bandwith.
Observation 3: PUSCH for VoIP can achieve a BLER 10-2 and meet requirements of link budgets by existing Rel-17 CE technologies based on NTN-TDL-C in LEO-600 set-1. 
Observation 4: PUSCH for low data rate can achieve a BLER 10-1 and meet requirements of link budgets by existing Rel-17 CE technologies based on NTN-TDL-C in LEO-600 set-1/2 and LEO-1200 set-1.
Observation 5: PUSCH MSG3 can achieve a BLER 10-1 and meet requirements of link budgets by existing R17 CE technologies based on NTN-TDL-C in LEO-600 set-1/2 and LEO-1200 set-1.
Observation 6: PUCCH format3 can achieve a BLER 10-2 and meet requirements of link budgets by exsiting R17 CE technologies based on NTN-TDL-C in LEO-600 set-1/2 and LEO-1200 set-1 and MEO set-1.
Observation 7: PRACH sequence with length-839 is better than the sequence with length-139 in low SNR case.
Observation 8: In order to adapt to NTN scenerios, it is necessary for PRACH to enhance by repetitions, especially the sequence of length-139.
Observation 9: PRACH format B4 of sequence-139 doesn’t match uplink link budget, nevertheless, it is worth doing enhancement due to tolerating larger frequency offset than PRACH of sequence-839.
Observation 10: PDCCH can achieve a BLER 10-2 and meet requirements of set-1 link budgets by exsiting R17 CE technologies based on NTN-TDL-C at without PFD limitation case.
Observation 11: PDSCH can achieve a BLER 10-1 and meet requirements of set-1 link budgets except to GEO by exsiting R17 CE technologies based on NTN-TDL-C at without PFD limitation case.
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4 Appendix-1(Tables from TR38.821and RP-220590)
Table 6.1.1.1-1: Set-1 satellite parameters for system level simulator calibration
	Satellite orbit
	GEO
	LEO-1200
	LEO-600
	MEO

	Satellite altitude
	35786 km
	1200 km
	600 km
	10000 km

	Satellite antenna pattern
	Section 6.4.1 in [2]
	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
	5 m

	Satellite EIRP density
	
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz
	51 dBW/MHz

	Satellite Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi
	38.6 dBi

	3dB beamwidth
	
	0.4011 deg
	4.4127 deg
	4.4127 deg
	2.1 degrees

	Satellite beam diameter (Note 2)
	
	250 km
	90 km
	50 km
	150 km

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

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

	Satellite Tx max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi
	50 dBi

	3dB beamwidth
	
	0.1765 deg
	1.7647 deg
	1.7647 deg
	0.53 degrees

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

	Payload characteristics for UL transmissions
	

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

	G/T
	
	19 dB K-1
	1.1 dB K-1
	1.1 dB K-1
	13 dB/K

	Satellite Rx max Gain
	
	51 dBi
	30 dBi
	30 dBi
	38.6 dBi

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

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

	Satellite RX max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi
	48.14 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 6.1.1.1-2: Set-2 satellite parameters for system level simulator calibration
	Satellite orbit
	GEO
	LEO-1200
	LEO-600
	MEO

	Satellite altitude
	35786 km
	1200 km
	600 km
	10000 km

	Satellite antenna pattern
	Section 6.4.1 in [2]
	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
	
1.5 m

	Satellite EIRP density
	
	53.5 dBW/MHz
	34 dBW/MHz
	28 dBW/MHz
	45.4 dBW/MHz

	Satellite Tx max Gain
	
	45.5 dBi
	24 dBi
	24 dBi
	28.1 dBi

	3dB beamwidth
	
	0.7353 deg
	8.8320 deg
	8.8320 deg
	6.5 degrees

	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
	
0.5 m

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

	Satellite Tx max Gain
	
	50.5 dBi
	30.5 dBi
	30.5 dBi
	38.6 dBi

	3dB beamwidth
	
	0.4412 deg
	4.4127 deg
	4.4127 deg
	2.01 degrees

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

	Payload characteristics for UL transmissions
	

	Equivalent satellite antenna aperture (Note1)
	S-band
(i.e. 2 GHz)
	12 m
	1 m
	1 m
	1.5 m

	G/T
	
	14 dB K-1
	-4.9 dB K-1
	-4.9 dB K-1
	3.8 dB/K

	Satellite Rx max Gain
	
	45.5 dBi
	24 dBi
	24 dBi
	28.1 dBi

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

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

	Satellite Rx max Gain
	
	50.5 dBi
	30.5 dBi
	30.5 dBi
	38.51 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.
	



Table 6.1.1.1-3: UE characteristics for system level simulations
	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
	[bookmark: OLE_LINK8][bookmark: OLE_LINK9](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




5 Appendix-2(Channel models from TR38.811)

[bookmark: _Hlk901257]Table 6.9.2-1. NTN-TDL-A at elevation 
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	0
	Rayleigh

	2
	1.0811
	-4.675
	Rayleigh

	3
	2.8416
	-6.482
	Rayleigh



Table 6.9.2-3. NTN-TDL-C at elevation 
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.394
	LOS path

	
	0
	-10.618
	Rayleigh

	2
	14.8124
	-23.373
	Rayleigh

	NOTE:	The first tap follows a Ricean distribution with a K-factor of K1 = 10.224 dB and a mean power of 0 dB.



Here,  denotes the satellite elevation angle.
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