3GPP TSG RAN WG1 #115	R1-2311562
Chicago, USA, November 13th–17th, 2023

Source:	Panasonic
Title: 	Evaluation results of NR-NTN for IMT-2020 satellite radio interface technology 
Agenda Item:		8.15.2 
Document for:	Discussion and Decision
Introduction
Study item on Self-Evaluation towards the 3GPP submission of an IMT-2020 Satellite Radio Interface Technology was agreed in RAN#99 [1]. The aim of SI is to provide the description of the self-evaluation results towards IMT-2020 submission to ITU-R WP 4B against the technical performance requirements defined by Report ITU-R M.2514. Our evaluation results were submitted in RAN1#114bis. In this document, we added our evaluation results for link budget in section 5 based on the evaluation assumptions agreed in RAN1#114bis. Note that evaluation results in sections 2, 3 and 4 are the same as previous contribution (R1-2309713) submitted in RAN1#114bis. 
Peak spectral efficiency and peak data rate 
The peak spectral efficiency and peak data rate are defined as the maximum values under ideal conditions in ITU-R M.2514. The requirement is as follows. 
Table 1 Peak spectral efficiency requirement
	Peak spectral efficiency (DL)
	3 bit/s/Hz (1)

	Peak spectral efficiency (UL)
	1.5 bit/s/Hz (1)

	(1)	Requirements were derived using an assignable bandwidth of up to 30 MHz over one satellite beam.


Table 2 Peak data rate requirement
	Peak data rate (DL)
	70 Mbit/s (1)

	Peak data rate (UL)
	2 Mbit/s (1)

	(1)	Requirements were derived using an assignable bandwidth of up to 30 MHz over one satellite beam.



The following evaluation assumptions were agreed in RAN1#112b/113. 
· Reference scenario: 
Transparent payload 
S-band (2GHz)
LEO-600
Handheld UEs
· Peak spectral efficiency is calculated as the following equation

· The parameters are chosen based on “ideal conditions”: 90degree elevation angle, 0dB atmospheric loss, 0dB shadow fading margin, 0dB scintillation loss, 0dB polarization loss, 0dB additional losses.
· For uplink peak spectral efficiency and peak data rate, a bandwidth of 8 RBs is used.
· For downlink peak spectral efficiency and peak data rate, a transmission bandwidth of 160 PRBs out of a channel bandwidth of 30 MHz is used. Channel bandwidth of 30 MHz is used as denominator for calculation of spectrum efficiency
Regarding the overhead, 0.14 for DL and 0.08 for UL was agreed in RAN1#114. 

We have evaluated the peak spectral efficiency and peak data rate using above assumptions. CNR (dB) is calculated based on the link budget calculations and achievable SE for the CNR is derived. We confirm the peak spectral efficiency and peak data rate requirements are satisfied. 
Table 3 Link budget and SE calculation
	
	Downlink
	Uplink

	Frequency [GHz]
	2.00
	2.00

	Elevation angle [deg]
	90
	90

	Distance [km]
	600
	600

	Bandwidth [MHz]
	30
	1.44

	TX: EIRP [dBm]
	78.8
	23.0

	RX: G/T [dB/T]
	-31.6
	1.1

	Free space path loss [dB]
	154.0
	154.0

	Atmospheric loss [dB]
	0.0
	0.0

	Shadow fading margin [dB]
	0.0
	0.0

	Scintillation Loss [dB]
	0.0
	0.0

	Polarization loss [dB]
	0.0
	0.0

	Additional losses [dB]
	0.0
	0.0

	CNR [dB]
	16.95
	7.08

	MCS
	25 (64QAM, R=822/1024)
	13 (16QAM, R=490/1024)

	SE (w/ overhead) [bit/s/Hz]
	3.71
	1.58

	Peak data rate (Mbps)
	111.3
	2.27



Evaluation of average spectral efficiency, 5%-tile user spectral efficiency, user experienced data rate and area traffic capacity
User experienced data rate is calculated as  where SEuser is the 5%-tile user spectral efficiency and W is the channel bandwidth. Area traffic capacity is calculated as  where SEavg is the average spectral efficiency. 
The requirements for DL and UL are shown in Table 4 and Table 5, respectively. 
[bookmark: _Ref142324400]Table 4 Requirements for DL
	Average spectral efficiency (DL)
	0.5 bit/s/Hz 

	5th percentile user spectral efficiency (DL)
	0.03 bit/s/Hz 

	User experienced data rate (DL)
	1 Mbit/s

	Area traffic capacity (DL)
	8 kbit/s/km2



[bookmark: _Ref142324402]Table 5 Requirements for UL
	Average spectral efficiency (UL)
	0.1 bit/s/Hz 

	5th percentile user spectral efficiency (UL)
	0.003 bit/s/Hz 

	User experienced data rate (UL)
	100 kbit/s

	Area traffic capacity (UL)
	1.5 kbit/s/km2



The SLS assumptions (as agreed in the previous meetings) are shown in Table 6. Satellite and UE configurations are same as TR38.821 and shown in Annex A. 
[bookmark: _Ref134911346]Table 6 eMBB SLS parameters 
	Parameter
	Value

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

	Maximum Bandwidth per beam (DL + UL)
	S-band: DL 30 MHz and UL 30 MHz
For FRF=3, 30 MHz is the total maximum bandwidth (i.e., each beam will have 10 MHz maximum bandwidth).

	Subcarrier spacing 
	15 kHz

	Satellite antenna
	Circular

	Frequency re-use factor
	FRF=1 or 3 

	Polarization re-use
	Disable

	Channel model
	Large scale model of Section 6.6 in 38.811 (NOTE2)
LOS probability is assumed 100%.

	Deployment scenarios
	Rural, UE speed 3 km/h

	Propagation conditions
	Clear Sky and Line of Sight

	Beam layout 
	As described in 6.1.1.1 of TR 38.821
For FRF = 1, two additional tiers of beams are considered in the simulation surrounding the 19-beam layout.
For FRF > 1, four additional tiers of beams are considered in the simulation surrounding the 19-beam layout.
Center beam elevation 90 degree

	UEs outdoor/indoor distribution
	100% outdoor distribution for UEs

	UE distribution
	10 UEs per beam with uniform distribution in all the Voronoi cell area associated to each beam.The cell area associated to a given beam is defined as the Voronoi cell associated with the corresponding beam centers.

	UE orientation
	Random

	UE antenna height 
	1.5 m

	Handover Margin
	0 dB

	UE attachment
	RSRP

	Scheduler
	PF

	Traffic model
	Full buffer

	Number of HARQ processes
	Up to 32 (as in Rel.17)

	Receiver type
	MMSE-IRC

	UE speed
	3 km/h

	Frequency offset
	0 ppm

	Frequency drift 
	0 ppm (perfect pre-compensation)

	HARQ-ACK delay
	N+4 slot

	Retransmission delay
	26(RTT)+4 slot (assuming the maximum RTT for LEO 600km)

	CSI feedback
	CQI, 20 ms periodicity  

	CSI delay
	26 slots

	Overhead 
	Same as peak rate calculation (DL 14%, UL 8%)



Geometry distribution obtained by SLS is shown in Figure 1. This is in line with the geometry obtained in the NTN study item phase. 
[image: ]
[bookmark: _Ref142323431]Figure 1 geometry distribution
< Downlink >
SLS results for DL 5%-tile user spectral efficiency, user experienced data rate, average user spectral efficiency and area traffic capacity for frequency reuse factor 1 (FRF 1) and 3 (FRF 3) are show in Table 7. Area traffic capacity is calculated based on the area of 1415 km2 as agreed in RAN1#114. 
FRF 3 can achieve higher 5%-tile user spectral efficiency than FRF 1 because of the interference mitigation effect, but average user spectral efficiency is lower because only 1/3 of the channel bandwidth is available per cell. 
All values satisfy the requirements. 
[bookmark: _Ref142324488]Table 7 SLS results (DL)
	DL
	5%-tile user spectral efficiency (bps/Hz)
	User experienced data rate (Mbps)
	Average user spectral efficiency (bps/Hz)
	Area traffic capacity (kbps/km2)

	Requirement
	0.03
	1
	0.5 
	8

	FRF 1
	0.043
	1.28
	0.80
	16.96

	FRF 3
	0.047
	1.41 
	0.65
	13.78
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Figure 2 CDF of User throughput for DL FRF 1 and FRF 3

< Uplink >
SLS results for UL average user spectral efficiency, 5%-tile user spectral efficiency and user experienced data rate are show in Table 7. For UL, FRF 3 can achieve average user spectral efficiency than FRF 1 unlike DL. This is because bandwidth reduction due to FRF 3 does not likely influence the throughput since less PRBs are used per UE than DL due to the limitation of UE transmission power. 
All values satisfy the requirements. 
Table 8 SLS results (UL)
	UL
	5%-tile user spectral efficiency (bps/Hz)
	User experienced data rate (kbps)
	Average user spectral efficiency (bps/Hz)
	Area traffic capacity (kbps/km2)

	Requirement
	0.003
	100
	0.1 
	1.5

	FRF 1
	0.007
	209
	0.13
	2.76

	FRF 3
	0.012
	360
	0.21
	4.45
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Figure 3 CDF of User throughput for UL FRF 1 and FRF 3

Reliability evaluation 
Reliability requirement for IMT-2020 satellite component is 1-10−3 (i.e. 99.9%) for both DL and UL. The following steps based on the ITU evaluation guideline [2] are used for the evaluation.  
1. Run the full buffer system level simulation and obtain 5%-tile SINR value. 
2. Run the link level simulation and obtain the success probability at the 5%-tile SINR. 
3. Check if the success probability is higher or equal to the requirement, 1-10−3 (i.e. 99.9%). 

Downlink reliability 
Reliability for downlink is evaluated. Evaluation assumptions (based on the agreement) for downlink LLS are shown in Table 9. 
[bookmark: _Ref142339935]Table 9  downlink LLS parameters for reliability
	[bookmark: _Hlk146554918]NR Downlink
	Values 

	Physical channel
	PDSCH (OFDM)

	Simulation bandwidth
	8 PRB

	Number of users in simulation
	1

	Link-level Channel model
	NTN TDL-C Rural, elevation angle 90 degree
lgDS = -8.19, K = 3.59

	Antenna configuration at Satellite
	1Tx

	Antenna configuration at UE
	1Rx

	Transmission mode
	SISO

	Transmission rank
	1

	TBS
	256

	Modulation order
	QPSK

	Number of repetitions
	Up to 8

	Channel estimation
	LMMSE

	Channel coding scheme
	LDPC

	HARQ
	Disable/Enable

	Doppler spread
	5Hz

	DL DMRS config
	Type 1, 2 symbol DMRS



5%-tile SINR values obtained by SLS for FRF=1 and FRF=3 are shown below. 
	Frequency reuse factor
	5%-tile SINR

	1
	-3.17 dB

	3
	6.61 dB



BLER performance is obtained by the LLS. The success rate for the 5%-tile SINR is shown in Table 10. The maximum delay including propagation delay and HARQ delay (max number of retransmissions) is also shown. For FRF 1, the requirement of the success rate 99.9% (1-10-3) is satisfied by 2 repetitions with HARQ up to 8 transmissions. For FRF 3, it is satisfied by 8 repetitions without HARQ. 
[bookmark: _Ref142341680]Table 10 PDSCH success rate for the 5%-tile SINR
	DL
	5%-tile SINR (dB)
	Repetition
	HARQ
	Success rate 
	Max delay

	Requirement
	99.9 %
	-

	FRF 1
	-3.17
	2
	Enable (up to 8Tx)
	99.98 %
	160 ms

	FRF 3
	6.61
	8
	Disable 
	99.92 %
	12 ms



Uplink reliability 
Reliability for downlink is evaluated. Evaluation assumptions (based on the agreement) for downlink LLS are shown in Table 11. 
[bookmark: _Ref149776751]Table 11  uplink LLS parameters for reliability
	NR Uplink
	Values 

	Physical channel
	PUSCH (DFT-s-OFDM)

	Simulation bandwidth
	2 PRB

	Number of users in simulation
	1

	Link-level Channel model
	NTN TDL-C Rural, elevation angle 90 degree
lgDS = -8.19, K = 3.59

	Antenna configuration at Satellite
	1Tx

	Antenna configuration at UE
	1Rx

	Transmission mode
	SISO

	Transmission rank
	1

	TBS
	256

	Modulation order
	QPSK

	Number of repetitions
	Up to 32

	Frequency hopping
	ON

	Channel estimation
	LMMSE

	Channel coding scheme
	LDPC

	HARQ
	Disable/Enable

	Doppler spread
	5Hz

	DL DMRS config
	Type 1, 2 symbol DMRS



5%-tile SINR values obtained by SLS for FRF=1 and FRF=3 are shown below.
	Frequency reuse factor
	5%-tile SINR

	1
	-4.02 dB

	3
	6.72 dB



BLER performance is obtained by the LLS. The success rate for the 5%-tile SINR is shown inTable 12. The maximum delay including propagation delay and HARQ delay (max number of retransmissions) is also shown. For FRF 1, the requirement of the success rate 99.9% (1-10-3) is satisfied by 32 repetitions with HARQ up to 8 transmissions. For FRF 3, it is satisfied by 8 repetitions with HARQ up to 4 transmissions. 
[bookmark: _Ref149776731]Table 12 PUSCH success rate for the 5%-tile SINR
	UL
	5%-tile SINR (dB)
	Repetition
	HARQ
	Success rate 
	Max delay

	Requirement
	99.9%
	-

	FRF 1
	-4.02
	32
	Enable (up to 8Tx)
	99.95%
	396ms

	FRF 3
	6.72
	8
	Enable (up to 4Tx)
	99.92%
	88ms



Link budget analysis
In this section, link budget analysis based on our simulation results for NR-NTN eMBB-s and HRC-s are provided. 
The following tables are LLS assumptions agreed in RAN1#114bis. 
NR NTN Rural eMBB-s
	[bookmark: _Hlk149758377]PDSCH
	PDCCH

	TBS
	BW
	#reps
	Target BLER
	#bits
	BW
	Target BLER

	1736
	9.36MHz
	1
	10%
	40
	48 PRBs, AL 16
	1%

	[bookmark: _Hlk149758396]PUSCH
	PUCCH

	TBS
	BW
	#reps
	Target BLER
	#bits
	BW 
	#reps
	Target BLER

	184
	1PRB
	20 slots
	10%
	1
	1PRB
	8
	1% DTX to ACK and ACK missed detection, 0.1% NACK to ACK



NR NTN Rural HRC-s
	PDSCH
	PDCCH

	TBS
	BW
	#reps
	Target BLER
	#bits
	BW
	Target BLER

	256
	1.44MHz
	4
	0.1%
	40
	48 PRBs, AL 16
	0.1%

	PUSCH
	PUCCH

	TBS
	BW
	#reps
	Target BLER
	#bits
	BW 
	#reps
	Target BLER

	256
	1PRB
	16 slots, HARQ enable
	0.1%
	1
	1PRB
	8
	1% DTX to ACK and ACK missed detection, 0.1% NACK to ACK



Our LLS results are summarized in Table 13. 
[bookmark: _Ref149756846]Table 13 LLS results (Required SNR)
	
	PDSCH
	PDCCH
	PUSCH
	PUCCH

	NR NTN eMBB-s
	-5.8 dB
	-6.7 dB
	-4.6 dB
	-14.5 dB

	NR NTN HRC-s
	-5.9 dB
	-4.5 dB
	-3.5 dB
	-14.5 dB



Link budget table is as follows. Note that interference factor (INR) is added as agreed in RAN1#114bis. 
[image: ]
Conclusion
This contribution provides our initial evaluation results for self-evaluation of IMT-2020 satellite radio interface technology. The following performance metrics for NR-NTN are covered in this document. All evaluation results satisfy the requirements. 
0. Peak data rate
0. Peak spectral efficiency
0. User experienced data rate
0. 5th percentile user spectral efficiency
0. Average spectral efficiency
0. Area traffic capacity
0. Reliability
We also provided link budget analysis table for NR NTN eMBB and HRC. 
The evaluation results are summarized below. 
· Peak spectral efficiency and Peak data rate
Downlink
	DL
	Peak spectral efficiency [bit/s/Hz]
	Peak data rate (Mbps)

	Requirement
	3
	70

	DL
	3.71
	111.3



Uplink
	UL
	Peak spectral efficiency [bit/s/Hz]
	Peak data rate (Mbps)

	Requirement
	1.5
	2

	UL
	1.58
	2.27



· 5%-tile user spectral efficiency, User experienced data rate, Average spectral efficiency and Area traffic capacity
Downlink
	DL
	5%-tile user spectral efficiency (bps/Hz)
	User experienced data rate (Mbps)
	Average user spectral efficiency (bps/Hz)
	Area traffic capacity (kbps/km2)

	Requirement
	0.03
	1
	0.5 
	8

	FRF 1
	0.043
	1.28
	0.80
	16.96

	FRF 3
	0.047
	1.41 
	0.65
	13.78


*FRF: Frequency Reuse Factor
Uplink
	UL
	5%-tile user spectral efficiency (bps/Hz)
	User experienced data rate (kbps)
	Average user spectral efficiency (bps/Hz)
	Area traffic capacity (kbps/km2)

	Requirement
	0.003
	100
	0.1 
	1.5

	FRF 1
	0.007
	209
	0.13
	2.76

	FRF 3
	0.012
	360
	0.21
	4.45



· Reliability 
Downlink 
	DL
	5%-tile SINR (dB)
	Repetition
	HARQ
	Success rate 
	Max delay

	Requirement
	99.9 %
	-

	FRF 1
	-3.17
	2
	Enable (up to 8Tx)
	99.98 %
	160 ms

	FRF 3
	6.61
	8
	Disable 
	99.92 %
	12 ms



Uplink 
	UL
	5%-tile SINR (dB)
	Repetition
	HARQ
	Success rate 
	Max delay

	Requirement
	99.9 %
	-

	FRF 1
	-4.02
	32
	Enable (up to 8Tx)
	99.95 %
	400 ms

	FRF 3
	6.72
	8
	Enable (up to 4Tx)
	99.92 %
	92 ms



· Link budget
LLS results (Required SNR)
	
	PDSCH
	PDCCH
	PUSCH
	PUCCH

	NR NTN eMBB-s
	-5.8 dB
	-6.7 dB
	-4.6 dB
	-14.5 dB

	NR NTN HRC-s
	-5.9 dB
	-4.5 dB
	-3.5 dB
	-14.5 dB



Link budge table (spread sheet is enclosed in zip file) 
[image: ]
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1. [bookmark: _Ref54022269]RP-230736, “New SID: Study on Self-Evaluation towards the 3GPP submission of an IMT-2020 Satellite Radio Interface Technology”, Ericsson, Qualcomm, Thales, MediaTek
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Annex A: Satellite and UE configuration for SLS
Satellite configuration
Satellite parameter set 1 for LEO 600km in TR38.821 (copied below) 
Table 14 Satellite characteristics (parameter set 1 of LEO600km, S-band)
	Parameters
	Value

	Satellite altitude
	600km

	Satellite antenna pattern 
	Section 6.4 in TR38.811 [4] 

	Parameters for DL transmission

	Equivalent satellite antenna aperture
	2 m

	Satellite EIRP density
	34 dBW/MHz

	Satellite Tx max Gain
	30 dBi

	3dB beamwidth
	4.4127 deg

	Satellite beam diameter (Note 2)
	50 km

	Parameters for UL reception

	Equivalent satellite antenna aperture 
	2 m

	G/T
	1.1 dB K-1

	Satellite Rx max Gain
	30 dBi



Terminal configuration 
Handheld terminal described in TR38.821. in addition, 4Rx case can also be evaluated. 
Table 15 Terminal characteristics (handheld terminal)
	Parameters
	Value

	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 
	0 dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	0 dBi per element
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System configuration

s1. Frequency (GHz) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

s2. Constellation type LEO LEO LEO LEO LEO LEO LEO LEO

s3. Satellite height (km) 600 600 600 600 600 600 600 600

s4. UE antenna height (m) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

s5. Transmission bit rate (bits/s) 1562400 - 8280 - 255744 - 15984 -

s6. Target packet error rate for the required SNR 10 1.0 10 1.0 0.1 0.1 0.1 1.0

s7. Spectral efficiency (bit/s/Hz) 0.167 - 0.046 - 0.178 - 0.089 -

s8. Pathloss model (select from LoS or NLoS) LOS LOS LOS LOS LOS LOS LOS LOS

s9. UE speed (km/h) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

s10. Minimum elevation angle (degrees) 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0

Transmitter

t1. Number of transmit antennas 1 1 1 1 1 1 1 1

t2. Number of transmit antenna ports 1 1 1 1 1 1 1 1

t3. Total transmit power (dBm) 43.71 43.37 23.0 23.0 35.58 43.37 23.0 23.0

t4. Transmit antenna gain (dBi)

30.0 30.0 0.0 0.0 30.0 30.0 0.0 0.0

t5. EIRP (dBm) 73.71 73.37 23.00 23.00 65.58 73.37 23.00 23.00

Receiver

r1. Number of Receive antennas 2.0 2.0 1.0 1.0 2.0 2.0 1.0 1.0

r2. Number of Receive antennas ports 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

r3. Receiver G/T (dB/K) -33.6 -33.6 1.1 1.1 -33.6 -33.6 1.1 1.1

r4. Occupied Channel bandwidth (Hz) 9360000 8640000 180000 180000 1440000 8640000 180000 180000

r5. Required SNR (dB) -5.8 -6.7 -4.6 -14.5 -5.9 -4.5 -3.5 -14.5

r6. Receiver implementation margin (dB) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

r7. INR (dB) -4.4 -4.4 -7.6 -7.6 -4.4 -4.4 -7.6 -7.6

r8. Hardware link budget 171.4 172.3 172.1 182.0 171.5 170.1 171.0 182.0

Calculation of available pathloss

c1. Atmospheric loss (dB) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

c2.Shadow fading margin (dB) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

c3. Scintillation Loss (dB) 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

c4. Polarization loss (dB) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

c5. Additional losses (dB) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

c6. Available pathloss for data channel (dB) 163.1 164.0 163.8 173.7 163.2 161.8 162.7 173.7

Calculation of coverage margin

m1. Distance to the satellite at minimum elevation 1075.1 1075.1 1075.1 1075.1 1075.1 1075.1 1075.1 1075.1

m2 .Pathloss at minimum elevation angle (dB) 159.1 159.1 159.1 159.1 159.1 159.1 159.1 159.1

m3. Coverage margin at minimum elevation angle 4.0 4.9 4.7 14.6 4.1 2.7 3.6 14.6

NR NTN eMBB-s NR NTN HRC-s


