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1. Introduction
In RAN#95e Meeting [1], a new WID [2] was approved for study on enhancements for NG-RAN based Non-Terrestrial Networks, which in order to offer optimized performance especially when addressing handset terminals (including smartphones with more realistic assumptions on antenna gains instead of 0 dBi antenna gain with the specific realistic antenna gain assumption to be determined at the working group level) w.r.t. coverage considering the NTN characteristics such as large propagation delay and satellite movement. The detailed objectives of coverage enhancement are as follows:
	4.1.1	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 to optimize the NTN-based NG-RAN to work with the lowest rate codec currently available and will not introduce a new codec.

[bookmark: _Hlk86407239]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 present our views on the evaluation methodology of NTN coverage performance and initial simulation results are provided.
2. Discussion
2.1 Evaluation methodology
The basic evaluation methodology is based on link-level simulation and link budget calculation in 2 steps. 
Step 1 aims to obtain the required SNR for the physical channels in target scenarios with target service requirement. Based on the WID, the target service is VoIP and low-data rate services for commercial handset terminals. 
· The VoIP and low-data rate service have different assumptions on the data rate requirement. The performance requirements for satellite access is listed in table 1 in TS 22.261[4], the low-data rate for DL and UL is assumed as 1Mbps and 100kbps respectively. A packet size of 320 bits with 20ms data arriving intervals is assumed for VoIP based on TR 38.830 [5]. Companies are encouraged to provide TB size assumed in evaluation.
· For the channel model assumption, the NTN-CDL/NTN-TDL channel models in TR 38.811 [6] can be considered for evaluation. Companies are encouraged to provide detailed parameters such as delay spread of channel model assumed in evaluation.
· For the antenna configuration, 1Tx/Rx is assumed for satellite antenna configuration and (1,1,2) with omni-directional antenna element is assumed for UE antenna configuration based on TR 38.821 [7].
· For the channel-specific parameters for channels such as PUSCH, PDSCH, PUCCH, PDCCH and PRACH, taking the parameter assumptions in Annex <A> of TR 38.830 [3] as baseline. Companies are encouraged to provide the detailed parameters if different channel-specific parameters assumption are assumed in evaluation. 
Table 1: Performance requirements for satellite access
	Scenario
	Experienced data rate (DL)
	Experienced data rate (UL)
	Area traffic capacity
(DL) 
(note 1)
	Area traffic capacity
(UL) 
(note 1)
	Overall user density 
	Activity factor
	UE speed
	UE type

	Pedestrian
(note 2)
	[1] Mbit/s
	[100] kbit/s
	1,5 Mbit/s/km2
	150 kbit/s/km2
	[100]/km2
	[1,5] %
	Pedestrian
	Handheld

	Public safety
	[3,5] Mbit/ss
	[3,5] Mbit/s
	TBD
	TBD
	TBD
	N/A
	100 km/h
	Handheld

	Vehicular connectivity
(note 3)
	50 Mbit/s
	25 Mbit/s
	TBD
	TBD
	TBD

	50 %
	Up to 250 km/h
	Vehicle mounted

	Airplanes connectivity
(note 4)
	360 Mbit/s/ plane
	180 Mbit/s/ plane
	TBD
	TBD
	TBD
	N/A
	Up to 1000 km/h
	Airplane mounted

	Stationary

	50 Mbit/s
	25 Mbit/s
	TBD
	TBD
	TBD
	N/A
	Stationary
	Building mounted

	Video surveillance 
(note 4a)

	[0,5] Mbit/s
	[3] Mbit/s
	TBD
	TBD
	TBD
	N/A
	Up to 120km/h or
stationary
(note 4b)

	Vehicle mounted or fixed installation

	Narrowband IoT connectivity
	[2] kbit/s
	[10] kbit/s
	8 kbit/s/km2
	40 kbit/s/km2
	[400]/km2
	[1] %
	[Up to 100 km/h]
	IoT


Step 2 aims to obtain the link budget results in different scenarios, and identify the bottleneck channels by comparing the link budget results with SNR requirement of different channels. 
· The following scenarios listed in Table 2 can be considered for link budget calculation. 
· Take into account the realistic antenna setting, the antenna gain is assumed to be -6dBi for smart phone in the link budget calculation. 
· The polarization loss need to be considered for link budget calculation assuming UE is linear polarization while the satellite is circular polarization. Based on TR 38.821, for downlink transmission, if the UE is dual-polarized with both horizontal and vertical polarization, a combination of the two Rx branches allows to prevent depolarization. While if the UE is single-polarization antenna, a 3dB depolarization loss need to be considered. For uplink transmission, a 3dB depolarization loss should be taken into account.
· Considering NTN focus on FDD and there is no FDD bands in Ka-band, we assumed the frequency band as S-band. 
Table 2: NTN scenarios for link budget calculation
	Case
	Satellite orbit
	Satellite parameter set
	Terminal
	Frequency Band

	1
	GEO
	Set 1
	Handheld
	S-band

	2
	LEO-600
	Set 1
	Handheld
	S-band

	3
	LEO-1200
	Set 1
	Handheld
	S-band

	4
	GEO
	Set 2
	Handheld
	S-band

	5
	LEO-600
	Set 2
	Handheld
	S-band

	6
	LEO-1200
	Set 2
	Handheld
	S-band


  
Proposal 1: The evaluation methodology listed below is taken as the baseline for the evaluation on the NTN coverage enhancement.
· The basic evaluation methodology is based on link-level simulation and link budget calculation in 2 steps.
· The low-data rate for DL and UL is assumed as 1Mbps and 100kbps respectively. A packet size of 320 bits with 20ms data arriving intervals is assumed for VoIP, companies are encouraged to provide TB size assumed in evaluation if other data rate assumed.
· Use NTN-CDL/NTN-TDL channel models for evaluation. Companies are encouraged to provide detailed parameters such as delay spread of channel model assumed in evaluation 
· S-band is assumed for the frequency band
· -6dBi is assumed for antenna gain of smart phone
2.2 Evaluation results
Based on the discussion in section 2.1, we present our initial BLER vs SNR evaluation results and link budget calculation results in this section. The simulation assumptions for step 1 and step 2 can be found in Annex. The BLER vs SNR results and the link budget calculation results are provided in table 3 and table 4 respectively. The channels that have coverage issues are identified by comparing the gap between required SNR and CNR in Table 5. Based on the evaluation results, we have the following observations:
· The UL channel is more challenging than DL channel, the UL coverage is limited in all the scenarios while the DL coverage is limited in GEO Set2 scenario
· The GEO scenario is more challenging than LEO scenario, the average UL gap for GEO is 20 dB for Set 1 and 25 dB for Set 2, while the average UL gap is 5dB for LEO-600km Set1 and 10dB for LEO-1200km Set1.
· For GEO Set2, all the channels have the coverage issues.
Observations:
· The UL channel is more challenging than DL channel, the UL coverage is limited in all the scenarios while the DL coverage is limited in GEO Set2 scenario
· The GEO scenario is more challenging than LEO scenario, the average UL gap for GEO is 20 dB for Set 1 and 25 dB for Set 2, while the average UL gap is 5dB for LEO-600km Set1 and 10dB for LEO-1200km Set1.
· For GEO Set 2, all the channels have the coverage issues.

The solutions to resolve the coverage issues for UL channels are specified in Rel-17 and further enhancements will be done in Rel-18 CE WI. The existing coverage enhancement mechanisms can be set as baseline and further identify whether the UL channel is bottle neck. If identified, NTN-specific UL coverage enhancement. For DL data channel, the gap is around 4 dB and can be compensated by repetition, e.g., aggregation factor set to 8. However, there is no existing mechanisms specified for improving the DL control channel and it is suggested to study the solutions to improve the  PDCCH coverage in Rel-18 NTN. Another aspect is polarization loss, in TN, both the gNB and UE use linear polarization, there is no polarization loss. While in NTN, most of the satellite antenna use circular polarization, while most of the smart phones use linear polarization, there is polarization loss due to polarization mismatch. Therefore, it is suggested to study mechanisms to compensate polarization loss.
Proposal 2: The mechanism to improve the PDCCH coverage can be further studied in Rel-18 NTN.
Proposal 3: The mechanism to compensate the polarization loss can be further studied in Rel-18 NTN.

Table 3: BLER vs SNR results
	Channel 
	SNR/dB(BLER=0.1 for data channel; BLER=0.01 for control channel)

	PUSCH
	-0.2 

	PUCCH format 3 (4bit)
	-4

	PUCCH format 3 (11 bit)
	0

	PUCCH format 3 (22 bit)
	3.45

	PDSCH
	-6.5

	PDCCH
	-6.6


Table 4: Link budget calculation results
	Case
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	 Trans mode
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	TX: EIRP [dBm]
	95.99
	17.01
	70.99
	17.01
	76.99
	17.01
	90.49
	17.01
	64.99
	17.01
	70.99
	17.01

	RX: G/T [dB/T]
	-37.6
	19.00
	-37.6
	1.10
	-37.6
	1.10
	-37.6
	14.00
	-37.6
	-4.90
	-37.6
	-4.90

	Bandwidth [MHz]
	5.00
	0.54
	5.00
	0.54
	5.00
	0.54
	5.00
	0.54
	5.00
	0.54
	5.00
	0.54

	Free space path loss [dB]
	190
	190
	156
	156
	162
	162
	190
	190
	156
	156
	162
	162

	Atmospheric loss [dB]
	0.20
	0.20
	0.10
	0.10
	0.10
	0.10
	0.20
	0.20
	0.10
	0.10
	0.10
	0.10

	Shadow fading margin [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Scintillation Loss [dB]
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	0.00
	3.00
	0.00
	3.00
	0.00
	3.00
	0.00
	3.00
	0.00
	3.00
	0.00
	3.00

	Additional losses [dB]
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	CNR [dB]
	-5.28
	-20.9
	3.58
	-5.01
	3.76
	-10.8
	-10.8
	-26
	-2.42
	-11.01
	-2.24
	-16.83


 
Table 5: Link budget calculation results
	
	Gap = Required SNR-CNR

	Channels required SNR
	case1
	case 3
	case 5
	case 7
	case 9
	case 11

	PUSCH = -0.2
	20.77
	4.81
	10.63
	25.77
	10.81
	16.63

	PUCCH 4 bit = -4
	16.97
	1.01
	6.83
	21.97
	7.01
	12.83

	PUCCH 11 bit = 0
	20.97
	5.01
	10.83
	25.97
	11.01
	16.83

	PUCCH 22 bit = 3.45
	24.42
	8.46
	14.28
	29.42
	14.46
	20.28

	PDSCH = -6.5
	-1.22
	-10.0
	-10.26
	4.28
	-4.08
	-4.26

	PDCCH = -6.6
	-1.32
	-10.2
	-10.36
	4.18
	-4.18
	-4.36



3. Conclusions
[bookmark: _GoBack]In this contribution, we present the discussion on the evaluation methodology for the NTN coverage performance and provide some initial results on the coverage performance for DL/UL channels. Based on our evaluation and analysis, we have the following observations and proposals.
Observation 1:
· The UL channel is more challenging than DL channel, the UL coverage is limited in all the scenarios while the DL coverage is limited in GEO Set2 scenario
· The GEO scenario is more challenging than LEO scenario, the average UL gap for GEO is 20 dB for Set 1 and 25 dB for Set 2, while the average UL gap is 5dB for LEO-600km Set1 and 10dB for LEO-1200km Set1.
· For GEO Set 2, all the channels have the coverage issues.

Proposal 1: The evaluation methodology listed below is taken as the baseline for the evaluation on the NTN coverage enhancement.
· The basic evaluation methodology is based on link-level simulation and link budget calculation in 2 steps.
· The low-data rate for DL and UL is assumed as 1Mbps and 100kbps respectively. A packet size of 320 bits with 20ms data arriving intervals is assumed for VoIP, companies are encouraged to provide TB size assumed in evaluation if other data rate assumed.
· Use NTN-CDL/NTN-TDL channel models for evaluation. Companies are encouraged to provide detailed parameters such as delay spread of channel model assumed in evaluation 
· S-band is assumed for the frequency band
· -6dBi is assumed for antenna gain of smart phone
Proposal 2: The mechanism to improve the PDCCH coverage can be further studied in Rel-18 NTN.
Proposal 3: The mechanism to compensate the polarization loss can be further studied in Rel-18 NTN.
Annex
Table 6, General parameters assumption of LLS
	Parameters
	Assumptions 

	Carrier frequency
	2 GHz

	Subcarrier spacing
	15 kHz

	Channel model
	NTN-TDL-D for LOS, 200ns, 50 degree

	BW(PRB)/MCS
	UL: 100kbps, MCS0, QPSK
RB=3, TBS=112
	DL: 1Mbps, MCS0, QPSK
RB=30, TBS=1112

	System bandwidth
	30MHz

	Satellite antenna configuration
	1Rx/1Tx

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

	UE Speed
	3km/h



Table 7, Satellite parameters Set 1 (Ref：TR38.821 Table 6.1.1.1-1）
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	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
	22 m
	2 m
	2 m

	Satellite EIRP density
	(i.e. 2 GHz)
	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 
	22 m
	2 m
	2 m

	G/T
	(i.e. 2 GHz)
	19 dB K-1
	1.1 dB K-1
	1.1 dB K-1

	Satellite Rx max Gain
	 
	51 dBi
	30 dBi
	30 dBi



Table 8, Satellite parameters Set 2 (Ref：TR38.821 Table 6.1.1.1-2）
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	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
	12 m
	1 m
	1 m

	Satellite EIRP density
	(i.e. 2 GHz)
	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
	12 m
	1 m
	1 m

	G/T
	(i.e. 2 GHz)
	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



Table 9, Satellite parameters Set 2 (Ref：TR38.821 Table 6.1.1.1-3）

	Characteristics
	Handheld

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

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

	Polarization
	Linear: +/-45°X-p ol

	Rx Antenna gain 
	 -6dBi 

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	 -6dBi 
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