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1 [bookmark: _Ref16667598]Introduction
At RAN#86 meeting in Sitges, Spain, a new WI “Solutions for NR to support non-terrestrial networks (NTN)” [1] was agreed with the aim to specify the enhancements identified for NR NTN. It has been updated in RAN#88 e-meeting [3].
This document analyses the list of simulation study cases, used during the Study Item phase and tries to reduce the large set for system level simulations (SLS) during the Work Item phase. Furthermore, it discusses the propagation condition for GEO scenarios.
2 Study Cases for NTN System-Level Simulations
During Study Item phase a set of 30 study cases have been determined differentiating between satellite orbit, satellite parameter set, central beam elevation, type of terminal, frequency band and usage of frequency/polarization reuse, see Table 1 or Table 6.1.1.1-9 of [2]. Simulation parameters have been captured in section 6.1.1.1 of [2]. The baseline of the metrics for performance is defined as “UE throughput (5%, 50%, 95%) at 20% and [50 or 60]% RU”, see Table 6.1.1.1-7 of [2].
In this contribution, we consider for LEO-1200, S-Band scenario with satellite parameter set “Set 1” (Study Case 14 and 15) the following resource usage settings:
1. 20% resource utilization, Frequency/Polarization reuse factor = (1/1) (Option 1)
2. 20% resource utilization, Frequency/Polarization reuse factor = (3/1) (Option 2)
3. 100% resource utilization, Frequency/Polarization reuse factor = (1/1) (Option 1)
4. 100% resource utilization, Frequency/Polarization reuse factor = (3/1) (Option 2)
Further parameter settings applied for the SLS are listed in Table 2. It is worth to mention that in case of full frequency reuse (FFR, frequency reuse factor (FRF) equal to one), each beam uses a bandwidth of 30MHz, while in case of FRF=3, each beam uses a bandwidth of 10MHz as the bandwidth is divided into the three neighbouring beams to decrease interference.

[bookmark: _Ref32237017][bookmark: _Ref32237024]Table 1 List of calibration study cases [2]
	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: _Ref32238808]Table 2 Parameter Settings for SLS
	Scenario
	LEO-1200, S-band

	Duplexing
	FDD

	Transmission direction
	Downlink

	Numerology
	15kHz, 14 OFDM symbol slot

	System bandwidth
	30MHz

	Resource Utilization (RU)
	20%, 100%

	# of UEs per cell
	15

	User deployment scenario
	Rural

	LoS probability
	Table 6.6.1-1 in TR 38.811

	Propagation delay (one way)
	16ms

	Scheduling
	Proportional Fair

	Handover margin (dB)
	3

	UE attachment
	Based on RSRP



Figure 1 CDF of UE Throughput


[image: C:\Users\TEMP.NOMOR-NET.000.001.002.003.004.005\AppData\Local\Microsoft\Windows\INetCache\Content.Word\TP_user_16HARQ2.png]
[bookmark: _Ref32243616]Table 3 UE Throughput LEO-1200, S-band
	RU
	FRF
	5% TPuser [Mbit/s]
	50% TPuser [Mbit/s]
	95% TPuser [Mbit/s]

	20%
	1
	0.16
	0.27
	0.40

	20%
	3
	0.18
	0.26
	0.29

	100%
	1
	0.29
	0.66
	1.10

	100%
	3
	0.35
	0.76
	0.88



Error: Reference source not found presents the SLS results and Table 3 presents the 5%, 50% and 95%-tile of the UE throughput for the above discussed options of resource usage. The following observations can be made:
Observation 1: 	Considering a LEO-1200 S-Band scenario, a higher UE throughput can be achieved using a 100% RU instead of a 20% RU.
Observation 2: 	Considering a LEO-1200 S-Band scenario with 100% RU, the majority of the UEs show a higher throughput for the case with FRF=3 than for the case with FRF=1. Around 17% of the best users have better performance in case of FRF =1.
Although the used bandwidth per beam is 10MHz for FRF=3, while it is 30MHz for FRF=1, a higher UE throughput can be observed in case of FRF=3 except for the UEs with highest throughput for a RU of 100%. This results from the high interference limitation in single satellite systems where the interfering signal has the same path loss as the serving signal.
Observation 3:	Considering a LEO-1200 S-Band scenario with 100% RU and a FRF=1, the difference between the worst and best UEs is significant (5%-tile: 0.29Mbit/s and 95%-tile: 1.10Mbit/s, which is a factor of 3.8).
The high difference in terms of UE throughput for the scenario with 100% RU and FRF=1 is again an indication on the interference limitation. Although a proportional fair scheduler is applied, the system cannot achieve a similar throughput for all UEs.
Based on the high interference level in case of FRF=1, from our perspective it is reasonable to evaluate scenarios with FRF=3 because other effects will be more visible and can be interpreted more reliable.
Applying FRF=3 means that the PRBs of the same frequency are only used in each third beam. By this, the interference level is already decreased, and simulating with a RU of 100% makes sense for such a configuration. Of course, this conclusion may only hold for loaded systems. In case certain beams are lowly loaded, other beams could benefit from using the full 30 MHz instead of a 10 MHz portion only. Due to the large coverage area of satellite beams, we think a fully loaded system is a reasonable assumption for performance evaluation. If a fully loaded system is not reasonable, we should question if full buffer traffic and equal user distribution are a valid assumption. Therefore, we propose to use a frequency reuse factor of 3 and a resource utilization of 100% for the SLSs performed during Work Item Phase.
Proposal 1: 	Consider 100% RU and FRF=3 as prioritized scenario for SLS in this Work Item for LEO-1200 S-band scenario.
Without further simulation results, we propose the same configuration for all other satellite orbit scenarios.
Proposal 2:	Consider following study cases for system level simulations during the Work Item.
Table 4 List of study cases for SLS in WI phase
	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 2

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

	3
	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 2

	4
	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	Option 2

	5*
	LEO-1200
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 2

	6
	LEO-1200
	Set 1
	90 deg
	Handheld
	S-band
	Option 2

	NOTE 1: no star = 1st priority, * = second priority scenario



3 Propagation Condition 
Table 6.6.1-1 of TR 38.811 [4] presents Line-Of-Sight (LOS) probabilities dependent on the UE environment (Dense urban, urban, suburban and rural) and the elevation angle. The table shows the larger the elevation angle the larger the LOS probability. 
	Elevation
	Dense urban scenario
	Urban scenario
	Suburban and Rural scenarios

	10°
	28.2%
	24.6%
	78.2%

	20°
	33.1%
	38.6%
	86.9%

	30°
	39.8%
	49.3%
	91.9%

	40°
	46.8%
	61.3%
	92.9%

	50°
	53.7%
	72.6%
	93.5%

	60°
	61.2%
	80.5%
	94.0%

	70°
	73.8%
	91.9%
	94.9%

	80°
	82.0%
	96.8%
	95.2%

	90°
	98.1%
	99.2%
	99.8%


Table 5 LOS probability Table 6.6.1-1 of TR 38.811[4]
Especially in GEO scenario, where we have a large distance between satellite and UE, and therefore a large pathloss, it is worth considering LOS and NLOS UEs separately before going into deep system analysis. We performed system-level simulations for GEO Ka-Band scenario with frequency reuse 3 (Case 2) and HARQ disabled assuming the following three cases as propagation condition for UE:
· all UEs are LOS
· all UEs are NLOS
· UEs are LOS or NLOS according to distribution of Table 6.6.1-1 of TR 38.811 [4]. 
The applied configuration parameters are listed in Table 6.
	Scenario
	GEO, Ka-band, FR3 (Case 2)

	Duplexing
	FDD

	Transmission direction
	Downlink

	Numerology
	120kHz, 14 OFDM symbol slot

	Simulation bandwidth
	400MHz / 3 per beam

	Resource Utilization (RU)
	100%

	# of UEs per cell
	10

	User deployment scenario
	Rural

	vUE
	120km/h

	Propagation delay (one way)
	271ms

	Scheduling
	Proportional Fair

	Handover margin (dB)
	3

	UE attachment
	Based on RSRP

	Traffic model
	Full buffer

	HARQ 
	disabled

	Target BLER first Transmission (PHY)
	1%

	RLC mode
	RLC UM


[bookmark: _Ref46235542]Table 6 Parameter Setting SLS
Figure 2 presents the CDF of the DL UE throughput for the simulated scenario with the three above mentioned cases for UE propagation condition. 
The green curve shows the UE throughput, if LOS for all UEs is assumed. In this case all UEs have a TP of at least 4.2Mbit/s. The average UE TP is 13.2Mbit/s. 
The red curve shows the UE throughput, if NLOS for all UEs is assumed. In this case 88% of the UEs have not received any packet successfully and therefore the TP is 0bit/s. The average UE TP is 4.2Mbit/s. 
The blue curve shows the UE throughput, if the LOS probability distribution given in [4] is applied. In this case 6% of the UEs have no TP. The average UE TP is 12.6Mbit/s.
Following observations can be made:
Observation 4:	Considering a GEO Ka-Band scenario with FR3 and 10 LOS UEs per cell, the minimum TP per UE is 4.2Mbit/s.
Observation 5:	Considering a GEO Ka-Band scenario with FR3 and 10 NLOS UEs per cell, 88% of the UEs have a TP of 0bit/s.
Observation 6:	Considering a GEO Ka-Band scenario with FR3 and 10 UEs per cell and LOS probability according to TR 38.811[4], 6% of the UEs have no TP.
Figure 3 presents the CDF of the DL RLC packet error rate per user for the simulated scenario with the three cases for UE propagation condition.
In case, an LOS probability distribution according to TR 38.811 [4] is applied, visualized by the blue curve, 94.8% of the UEs have an RLC packet error rate smaller or equal than 2%. 
In case of LOS, visualized by the green curve, 99.2% of the UEs have an RLC packet error rate smaller or equal than 2%. In comparison to the curve with the LOS probability distribution according to TR 38.811 [4], the standard deviation or the spread of the occurred RLC packet error rates is smaller.
In case of NLOS, visualized by the red curve, 56.7% of the UEs have an RLC packet error rate smaller or equal than 2%.
For all cases, the link adaptation algorithm was configured to achieve a target PHY BLER of 1%. This means that most of the UEs should have an RLC packet error rate in the range around 1%. For LOS links this could be achieved quite well. However, for NLOS links this could not be achieved. This means the transmission does not work for NLOS links.
Observation 7:	Considering a GEO Ka-Band scenario with FR3 and 10 UEs per cell and LOS probability according to TR 38.811[4], 94.8% of the UEs have an RLC packet error rate smaller or equal than 2%.
Observation 8:	Considering a GEO Ka-Band scenario with FR3 and 10 LOS UEs per cell 99.2% of the UEs have an RLC packet error rate smaller or equal than 2%.
Observation 9:	Considering a GEO Ka-Band scenario with FR3 and 10 NLOS UEs per cell, 56.7% of the UEs have an RLC packet error rate smaller or equal than 2%.

[bookmark: _Ref53409598][bookmark: _Ref53409603]Figure 2 DL User TP for various propagation conditions
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[bookmark: _Ref53409957]Figure 3 DL RLC Error Rate per user for various propagation conditions
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Going deeper into the topic of UEs with no TP, we consider the coupling loss and the geometry SINR for DL. While during the calibration phase, only LOS UEs have been considered, see [5], Figure 4 and Figure 5 present the coupling loss and the geometry SINR, respectively, for LOS and NLOS UEs separately as well as the combined case applying the LOS probability given in TR 38.811 [4].
[image: ][image: ]
[bookmark: _Ref39133592]Figure 4 DL Coupling Loss
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[bookmark: _Ref39133600]Figure 5 DL Geometry SINR
Following observations can be made:
Observation 10:	Considering a GEO Ka-Band scenario with FR3, the coupling loss for NLOS UEs is in most of the cases significantly larger than the coupling loss for LOS UEs (99% of LOS UEs have coupling loss smaller or equal 120dB, while only 13% of NLOS UEs have coupling loss smaller or equal 120dB). 
Observation 11:	Considering a GEO Ka-Band scenario with FR3, the geometry SINR for NLOS UEs is in 50% lower than -6.5dB which was the minimum threshold to schedule a UE with lowest MCS in the performed SLS. LOS UEs show all geometry SINR larger than 1.5dB.
As discussed above 88% of the UEs in the system do not receive any packet successfully in the NLOS case. This does not really come to a surprise and it is the reason why typical GEO terminals are generally limited to LOS use cases. These are for instance terminals positioned on ships cruising in the sea or terminals on airplanes or well positioned onshore UEs. 
The interpretation of the simulation results for a mixed LOS/NLOS channel model in GEO is quite difficult since the performance, or rather lack of performance, is dominated by the NLOS UEs having no means to have any successful transmission/reception of packets. Therefore, our target should rather be to optimize transmission/reception for LOS UEs, which is feasible, and this should be reflected in our simulation assumptions. 
In summary, considering simulation results, our analysis and practical GEO use cases / terminal implementations, we suggest: 
Proposal 3: 	For GEO scenarios change the channel model to a LOS only channel model meaning instead of Table 6.6.1-1 of TR 38.811[4] use 100% LOS probability.

4 Conclusions
In this document the study cases determined for SLS calibration during Study Item phase have been analysed. Furthermore, the propagation condition for GEO scenario have been discussed. The following observations and proposals are made:
Observation 1: 	Considering a LEO-1200 S-Band scenario, a higher UE throughput can be achieved using a 100% RU instead of a 20% RU.
Observation 2: 	Considering a LEO-1200 S-Band scenario with 100% RU, the majority of the UEs show a higher throughput for the case with FRF=3 than for the case with FRF=1. Around 17% of the best users have better performance in case of FRF =1.
Observation 3:	Considering a LEO-1200 S-Band scenario with 100% RU and a FRF=1, the difference between the worst and best UEs is significant (5%-tile: 0.29Mbit/s and 95%-tile: 1.10Mbit/s, which is a factor of 3.8).
Observation 4:	Considering a GEO Ka-Band scenario with FR3 and 10 LOS UEs per cell, the minimum TP per UE is 4.2Mbit/s.
Observation 5:	Considering a GEO Ka-Band scenario with FR3 and 10 NLOS UEs per cell, 88% of the UEs have a TP of 0bit/s.
Observation 6:	Considering a GEO Ka-Band scenario with FR3 and 10 UEs per cell and LOS probability according to TR 38.811[4], 6% of the UEs have no TP.
Observation 7:	Considering a GEO Ka-Band scenario with FR3 and 10 UEs per cell and LOS probability according to TR 38.811[4], 94.8% of the UEs have an RLC packet error rate smaller or equal than 2%.
Observation 8:	Considering a GEO Ka-Band scenario with FR3 and 10 LOS UEs per cell 99.2% of the UEs have an RLC packet error rate smaller or equal than 2%.
Observation 9:	Considering a GEO Ka-Band scenario with FR3 and 10 NLOS UEs per cell, 56.7% of the UEs have an RLC packet error rate smaller or equal than 2%.
Observation 10:	Considering a GEO Ka-Band scenario with FR3, the coupling loss for NLOS UEs is in most of the cases significantly larger than the coupling loss for LOS UEs (99% of LOS UEs have coupling loss smaller or equal 120dB, while only 13% of NLOS UEs have coupling loss smaller or equal 120dB). 
Observation 11:	Considering a GEO Ka-Band scenario with FR3, the geometry SINR for NLOS UEs is in 50% lower than -6.5dB which was the minimum threshold to schedule a UE with lowest MCS in the performed SLS. LOS UEs show all geometry SINR larger than 1.5dB.

Proposal 1: 	Consider 100% RU and FRF=3 as prioritized scenario for SLS in this Work Item for LEO-1200 S-band scenario.
Proposal 2:	Consider following study cases for system level simulations during the Work Item.
Proposal 3: 	For GEO scenarios change the channel model to a LOS only channel model meaning instead of Table 6.6.1-1 of TR 38.811[4] use 100% LOS probability.
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