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For NR NTN, potential impacts have been identified in TR 38.811 “Study on NR to support non-terrestrial networks”. Solutions are currently being investigated in RAN1 meeting and captured in TR 38.821 “Solutions on NR to support non-terrestrial networks”. For NTN, RAN1 TUs have been allocated starting from April 2019 to November 2019.
In RAN1#97 meeting, agreements on the following items are given in [1] 
· Satellite parameters for system level simulations
· UE characteristics for system level simulations
· Beam layout definition

In RAN1#98, the parameters regarding above items have been updated [2] and captured in TR 38.821 [3]. In addition, RAN1#98 has identified the following as phase 1 calibration cases

	Satellite orbit
	Satellite parameter set
	Central beam elevation
	Terminal
	Frequency Band
	Frequency reuse factor

	GEO
	Set 1
	45 deg
	VSAT
	Ka-band
	1

	GEO
	Set 1
	45 deg
	VSAT
	Ka-band
	3

	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	1

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

	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	1

	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	3

	LEO-1200
	Set 1
	90 deg
	Handheld
	S-band
	1

	LEO-1200
	Set 1
	90 deg
	Handheld
	S-band
	3



In this contribution, we show our simulation results on SINR and DL throughput distribution for [LEO-600, S-band] and [LEO-1200, S-band]. Detail CDF numbers on SINR, SIR and coupling loss are given in the companion excel sheet. Based on the simulation results, in order to improve system spectral efficiency, we propose that the concept of bandwidth part (BWP) can be used in frequency domain resource allocation of beams.

[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Simulation Results
For calibration, the following settings have been agreed for SLS simulation:
· Ionospheric scintillation loss = 0 (i.e., the UEs are located between 20 and 60 degrees of latitude)
· All UE-satellite links are in LOS channel condition
· For frequency reuse factor (FRF) = 1, two additional tiers beams are considered in the simulation for wrapping around the 19-beam layout
· For FRF > 1, four additional tiers beams are considered in the simulation for wrapping around the 19-beam layout
· Only the UEs in the inner-19 beams are considered
As such, for scenarios with frequency reuse factor (FRF) = 1, total 61 beams are formed. The beam layout and UE dropping for [LEO-600, S-band] and [LEO-1200, S-band] with FRF = 1 are shown below:
[image: ]
Figure 1: Beam layout and UE dropping for [LEO-600, S-band] and [LEO-1200, S-band] with FRF = 1
For scenarios with FRF = 3, total 127 beams are formed. The beam layout and UE dropping for [LEO-600, S-band] and [LEO-1200, S-band] with FRF = 3 are shown below:
[image: ]
Figure 2: Beam layout and UE dropping for [LEO-600, S-band] and [LEO-1200, S-band] with FRF = 3
Note that we show beam layout in 2-D dimension for simplicity. Also note that we drop 20 UEs per beam for LEO-600 and 30 UEs per beam for LEO-1200.

From SLS we obtain SINR distribution. For DL throughput distribution, we perform SLS + LLS simulation to obtain the results. Specifically, for each UE, SLS generates SNR and channel information for serving and neighbour beams, which in turn are used as input to LLS for modelling data reception with interference. LLS settings are given in Appendix.
In the following, we show SINR and DL throughput distribution for [LEO-600, S-band] and [LEO-1200, S-band]:
[image: ]
Figure 3: SINR and DL throughput distribution for [LEO-600, S-band]
[image: ]
Figure 4: SINR and DL throughput distribution for [LEO-1200, S-band]
See attached excel sheet for detailed CDF numbers on SINR, SIR and coupling loss. 
We have the following statistics:
	LEO-600 
	SINR (dB)
	Throughput (Mbps)

	FRF 1
	80%UE:  -1.087
Avg: -1.989
	80%UE:  10.52
Avg: 8.24

	FRF 3
	80%UE:  7.513
Avg: 5.794
	80%UE:  10.88
Avg:  8.15


Table 1: SINR and throughput statistics for [LEO-600, S-band]

	LEO-1200 
	SINR (dB)
	Throughput (Mbps)

	FRF 1
	80%UE: -1.581
Avg: -2.42
	80%UE: 9.096
Avg: 7.49

	FRF 3
	80%UE:  6.658
Avg: 5.19
	80%UE: 9.712
Avg: 7.52 


Table 2: SINR and throughput statistics for [LEO-1200, S-band]
From the simulation results, we have the following observations:Observation 2: For [LEO-1200, S-band], for 80% percentile UE, we have 8.24 dB SINR gain by using FRF = 3 instead of FRF = 1 deployment. In average, we have 7.61 dB SINR gain by using FRF = 3 in comparison with FRF = 1.  Again, there is no significant difference between throughput distributions of FRF = 3 and FRF = 1
Observation 1: For [LEO-600, S-band], for 80% percentile UE, we have 8.6 dB SINR gain by using FRF = 3 instead of FRF = 1 deployment. In average, we have 7.78 dB SINR gain by using FRF = 3 in comparison with FRF = 1.  However, there is no significant difference between throughput distributions of FRF = 3 and FRF = 1


BWP for Frequency Domain Resource Allocation of Beams
For NTN beam deployment with FRF 1, the available bandwidth allocated to each beam is large, however a UE in a beam coverage may suffer severe interference due to co-channel signals transmitted to nearby beams. From simulation results, we have the following observationObservation 3: For [LEO-1200, S-band], with FRF 1, approximately 68% of UEs are with SINR . These UEs are unlikely to get much throughput due to poor synchronization, AFC, and channel estimation. In addition, such UEs may suffer high latency if many HARQ re-transmissions are required

On the other hand, for NTN beam deployment with FRF 3, the interference problem is mitigated. However, the available bandwidth allocated to each beam is generally reduced.
In practice, the number of UEs in each beam is not a constant. Intuitively, the network should allocate larger bandwidth for beams with larger number of UEs, and allocate smaller bandwidth for the other beams. Considering that the number of UEs in a beam may vary with time, a dynamic/scalable frequency resource allocation scheme is expected to improve the system spectral efficiency. Thus, we have the following proposal:Proposal 1: The concept of BWP can be used for frequency resource allocation among NTN beams. Network may configure a specific active BWP for UEs in a beam (all UEs in a beam are associated with the same active BWP). Different beams may be associated with different active BWPs

See Figure 5 for an illustration:
· In this example, there are 7 beams, and the network may configure BWP 0,1, or 2, as an active BWP for a beam 
· In bandwidth, we have BWP 0 > BWP 1 > BWP 2 
· Suppose at a time instance, the number of UEs in each beam is as shown in the table, then the network may configure BWPs to beams according the number of UEs in beams as shown in the right column of the table 
· Note that BWP 0 is allocated for beam 4 since beam 4 has maximum number of UEs
· Note also that the interference is mitigated as nearby beams are using non-overlapping BWPs

[image: ]
Figure 5: Example of BWP Allocation for Beams
In general, the active BWPs of beams may or may not overlap with each other in frequency domain. 
Furthermore, for a beam, the bandwidth and the frequency domain location of the active BWP may not be fixed at all time. The network may adjust the settings of the active BWP based on factors such as number of UEs and amount of data transmission in the beam. 

Conclusions
The observations and proposals are summarized below:
Observation 1: For [LEO-600, S-band], for 80% percentile UE, we have 8.6 dB SINR gain by using FRF = 3 instead of FRF = 1 deployment. In average, we have 7.78 dB SINR gain by using FRF = 3 in comparison with FRF = 1.  However, there is no significant difference between throughput distributions of FRF = 3 and FRF = 1
Observation 2: For [LEO-1200, S-band], for 80% percentile UE, we have 8.24 dB SINR gain by using FRF = 3 instead of FRF = 1 deployment. In average, we have 7.62 dB SINR gain by using FRF = 3 in comparison with FRF = 1.  Again, there is no significant difference between throughput distributions of FRF = 3 and FRF = 1
Observation 3: For [LEO-1200, S-band], with FRF 1, approximately 68% of UEs are with SINR . These UEs are unlikely to get much throughput due to poor synchronization, AFC, and channel estimation. In addition, such UEs may suffer high latency if many HARQ re-transmissions are required
Proposal 1: The concept of BWP can be used for frequency resource allocation among NTN beams. Network may configure a specific active BWP for UEs in a beam (all UEs in a beam are associated with the same active BWP). Different beams may be associated with different active BWPs
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Appendix
LLS simulation settings 
	Carrier frequency
	2GHz

	Subcarrier spacing
	15kHz

	DL bandwidth for each beam
	30 MHz for FRF = 1
10 MHz for FRF = 3

	UE speed
	3 km/hr

	UE antenna configuration
	1 Rx

	UE channel estimation
	Realistic MMSE



image1.png
LEO @ 600km

20 UEs per beam

yaxis ’
Central beam diameter ~= 46 km

LEO @ 1200km
beam layout and UE droping
—y—

= h=1200km

30 UEs per beam

T 0 2w 0 0 w0 20 3 40
yaxis

Central beam diameter ~= 82 km




image2.png
LEO @ 600km
beam layout and E dropping

LS

4 ,‘mﬁ@x

LEO @ 1200km

beam layout and UE dropping

20 UEs per beam -0 30 UEs per beam
S aw w5 m @ @ R TR )
vaxis yaxis

Central beam diameter ~= 46 km

Central Beam diameter ~= 92 km




image3.png
UE percentage

SINR CDF, LEO 600

Tput CDF, LEOG00

+8.6B 09 wiom ] x10ss
Vioses| w7978
— o8 A
x Loss 751
v o7ess 5073 07
Fos
Eos
&
Soa
03
T X T
p— —— w1
o1 l=—rni]
Lo
B G v W w
SR ) Tout (Mbps)





image4.png
09

UE percentage

02

01

SINR COF, LEO 1200

Tput CDF, LEO1200

X -1581 x 6658 0 oom| x o712
¥-0.7982 Y- 0.7982 vos| s oas
——— o8
+8.24 dB
07
2os
Sos
Sos
03
——mr1 02 —es
e —"
o1
E) o 2 4 6 & 10 e s w0 12
SINR (dB) Thut Mbps)




image5.png
NTN beams

BWP

10

Beam
index

20

30

50

30

20

BWPO BWP1

10

Carrier bandwidth




