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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN#95-e meeting, a new work item[1] is approved for NR NTN enhancement. Regarding the coverage enhancement, the detailed scope is shown as follows:
· Coverage enhancement
The Rel-18 NTN objectives are focused on the applicability of the solutions developed by general NR coverage enhancement to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. Only NTN-specific characteristics are to be included in this coverage enhancement work, otherwise it should be part of another WI (e.g., UL enhancement of coverage). The work needs to cover the use case of voice and low-data rate services using commercial smartphones with more realistic assumptions on antenna gains instead of 0dBi currently assumed for link budget analysis for non-terrestrial networks. The specific realistic antenna gain assumption will be determined at the working group level. The evaluation should also take into account any related regulatory requirements, e.g., ITU limitation of power flux density.

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

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

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

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

[bookmark: OLE_LINK73][bookmark: OLE_LINK74]In this contribution, we provided the views on link level simulation parameters and analyzed link budget results based on link level simulation assumptions.

Discussion 
0. Link budget analysis
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. In general, the isotropic antenna of handset terminals can be assumed with 0 dBi antenna gain. However, 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. Now the metal shell of handsets will be individually designed with plastic dividing lines to ensure the signal emission, so we propose that -3dBi antenna gain in the LLS parameters.

Proposal 1: Antenna gains -3dBi for handset UE can be considered for link budget analysis on non-terrestrial networks.

According to some scenarios in TR38.821, we consider scenarios Set-1 and Set-2 to analyze link budget,the following tables representing two sets of satellite parameters are considered as the baseline for link budget analysis.

Table 1: Set-1 satellite parameters for system level simulator calibration
	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

	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 [2].
· NOTE 2: This beam size refers to the Nadir pointing of the satellite 



Table 2: Set-2 satellite parameters for system level simulator calibration
	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

	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 [2].
· NOTE 2:	This beam size refers to the Nadir pointing of the satellite 



The following table is assumed for UE characteristics for System Level Simulations and link budget analysis.
Table 3: UE characteristics for system level simulations
	Characteristics
	Handset

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

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


	Polarisation
	Linear: +/-45°X-pol

	Rx Antenna gain 
	-3 dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	-3 dBi per element



The parameter configuration for link budget analysis is listed in Table 4.
[bookmark: _Ref102020722]Table 4: Parameter configuration for link budget analysis
	Parameters
	Notes

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

	System bandwidth
	30 MHz (S-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
	3 dB 

	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 in[3]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 in[3]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
	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 in[3]

	Satellite RF parameters
	Set-1 in Table 6.1.1-1 and Set-2 in Table 6.1.1-2 in[3]

	Polarization loss
	The considerations of Section 6.1.1.1 in[3]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




Proposal 2: Reuse 38.821 simulation assumptions with the additional antenna gains modification for handset evaluation.  

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 5: link budget analysis results for GEO/LEO
	Handset UE,S-band
	GEO
	LEO1200km
	LEO600km

	CNR (dB)
	DL
	UL
	DL 
	UL
	DL
	UL

	Set-1
	-5.894
	-16.933
	1.2
	-8.639
	0.587
	-3.252

	Set-2
	-11.227
	-21.666
	-4.8
	-14.639
	-5.413
	-9.252



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

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.

Proposal 3: Deprioritize GEO scenarios for NTN handset case.   

0. Initial evaluation 

PRACH performance evaluation

The following table provides the LLS parameters for PRACH performance evaluation.
Table 6: LLS parameters for PRACH performance evaluation
	Configurations
	S-band

	Carrier Frequency
	2 GHz

	Channel Model
	Baseline TDL/CDL-D model in [2], with delay/angular scaling factors equals to the mean delay/angular spread and mean K factor for suburban at corresponding elevation angle for each case 


	Antenna Configuration at the TRP (satellite)
	1 Rx
2 Rx optional

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

	Frequency Offset
	Doppler shift in channel due to satellite movement; max. Doppler shift values provided in Table 6.1.1.1-8 of TS38.821
Doppler shift in channel due to UE movement; max. value to be computed based on the UE speed and the elevation angle
Residual frequency offset after synchronization: [0.1] ppm
Note 1: In case the network performs both pre and post common Doppler shift compensation, the final frequency offset is computed as follow:
[image: cid:image004.png@01D56199.E43DBEC0]where
[image: ] denotes the final frequency offset in Hz
[image: ] denotes the residual frequency offset after synchronization in ppm
[image: ] denotes the residual Doppler shift due to satellite movement in ppm after common Doppler compensation
[image: ] denotes the Doppler shift due to UE movement in ppm
[image: ] denotes the central frequency used on the service Up Link in Hz

A uniform distribution in [ - FO max value, + FO max value] shall be assumed
Note 2: Doppler spectrum on Rayleigh fading taps based on Jake model should be considered in addition to Doppler shift (see section 6.9.2 in [2])
Note 3: For a Rayleigh fading tap a minimum Doppler of 1 Hz should be considered.

	UE speed
	3 km/h

	Timing Offset
	A uniform distribution in [0 max differential delay] shall be assumed.
Note 1: Ideal common delay compensation is assumed.
Note 2: The maximal differential delay values that should be supported for NTN are provided in Table 4.2-2 in[3]. The max differential delays expected for specific cases can be computed based on the half power beam width and the target elevation angle.

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

	PRACH design
	Each company should provide details on configuration (i.e. format, SCS, N_CS, …). New formats are not precluded.

	Metric
	PRACH detection rate, FAR (Based on the preamble pool size is not less than 64), CDF of estimation error for frequency/timing,

	Receiver
	Companies are encouraged to report the receiver for PRACH detection.



Table 7: PRACH study cases
	
	Elevation angle
	Differential delay

	UL Frequency offset (S-band)
(with compensation of common Doppler)
	Beam Set at satellite

	Case 1
	90 degree for LEO
	Small
	Large
	Set-2

	Case 2
	45 degree for LEO
	Medium
	Medium
	Set-2

	Case 3
	10 degree for GEO and 30 degree for LEO
	Large
	Small
	Set-2

	Case 4
	With both open loop timing and frequency compensation
	Small
	Small
	Set-2

	· NOTE 1:	As the baseline, the number of UEs that simultaneously access the network in a single random access occasion (RO) is 2. The two UEs may have different timing offsets/Doppler, which are randomly picked within the [0 Max_differential_delay]/[-max_UL_frequency_offset max_UL_frequency_offset] per case;
· NOTE 2:	Fixed power offset between UEs is 3dB. 
· NOTE 3:	The SINR of the stronger UE for simulation is based on the SNR from link budget (with bandwidth for UL = 1MHz for Handheld for S) with additional offset of [-6-10 log10(Bandwidth [MHz])] dB) per case where the -6 dB degradation is introduced as additional margin.



For NTN scenario, we need firstly check if the existing PRACH format is sufficient to meet the NTN needs. Existing PRACH formats are shown in the Table 8 and Table 9.


[bookmark: _Ref102021867]Table 8: PRACH preamble formats for  and .
	Format
	

	

	

	

	Support for restricted sets

	0
	839
	1.25 kHz
	
	 
	Type A, Type B

	1
	839
	1.25 kHz
	 
	 
	Type A, Type B

	2
	839
	1.25 kHz
	 
	 
	Type A, Type B

	3
	839
	5 kHz
	 
	 
	Type A, Type B






[bookmark: _Ref102021879]Table 9: Preamble formats for  and  where .
	Format
	

	

	

	

	Support for restricted sets

	[bookmark: _Hlk494194986]A1
	139
	

	

	

	-

	A2
	139
	

	

	

	-

	A3
	139
	

	

	

	-

	B1
	139
	

	

	

	-

	B2
	139
	

	

	

	-

	B3
	139
	

	

	

	-

	B4
	139
	

	

	

	-

	C0
	139
	

	

	

	-

	C2
	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 frequency offset
We pick up the Format A3 for performance evaluation. When the frequency offset is configured with 1/10 SCS, 1/6 SCS, 1/3SCS, 1/2SCS, the related results are shown in the figure 1.  
[image: ]
                  Figure 1 PRACH performance for different frequency offset

[bookmark: _GoBack]Based on the result of figure 1, the performance of PRACH gradually decreases as the frequency offset increases, and PRACH Format of length-139 sequence with large FO doesn’t meet uplink link budget

Observation 2: PRACH format of sequence-139 doesn’t match uplink link budget when there is large frequency offset of NTN scenario.

· Case 2: 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 5 shows the performance comparison of sequence-839 and sequence-139. The sequence-839 is configured as PRACH Format3 with 5kHz frequency offset, and its SCS is 5kHz.The sequence-139 applies PRACH Format A3 with 5kHz frequency offset, and its SCS is 30kHz.

[image: ]
                 Figure 2 PRACH performance for different sequence length

As can be seen from the simulation results, the PRACH performance cannot meet the GEO Set-1 and Set-2, and LEO1200 Set-2 scenarios. PRACH should be enhanced on GEO Set-1 and Set-2, and LEO1200 Set-2 scenarios.
Observation 3: PRACH sequence with length-839 is better than the sequence with length-139 in low SNR case.
Observation 4: PRACH sequence-839 is not suitable for the SNR conditions of GEO Set-1 and Set-2, and LEO1200 Set-2 scenarios.

Proposal 4: Suggest PRACH enhancement based on the sequence-839 used in NTN handset UE.


1 Conclusion
In this contribution we discussed remaining issue on coverage enhancement and provided technical solutions. The following proposals are presented. 
Proposal 1: Antenna gains -3dBi for handset UE can be considered for link budget analysis on non-terrestrial networks.
Proposal 2: Reuse 38.821 simulation assumptions with the additional antenna gains modification for handset evaluation.
Proposal 3: Deprioritize GEO scenarios for NTN handset case.   
Proposal 4: Suggest PRACH enhancement based on the sequence-839 used in NTN handset UE.


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: PRACH format of sequence-139 doesn’t match uplink link budget when there is large frequency offset of NTN scenario.
Observation 3: PRACH sequence with length-839 is better than the sequence with length-139 in low SNR case.
Observation 4: PRACH sequence-839 is not suitable for the SNR conditions of GEO Set-1 and Set-2, and LEO1200 Set-2 scenarios.
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