[bookmark: _Hlk37418177]3GPP TSG RAN WG1 #115	R1-2312140
Chicago, IL, USA, 13th – 17th November, 2023

Agenda item:		8.15.2
Source:	Nokia, Nokia Shanghai Bell
Title:	Comparison results related to IMT-2020 Satellite for NR over NTN for Earth Fixed Cell Vs. Earth Moving Cell
Document for:		Discussion and Decision

Introduction
In R1-2306416 several proposals and agreements have been made regarding the performance evaluation proposed in RAN#99 [1], from which a new SID was approved on IMT-2020 satellite radio interface evaluation (Please refer to RP-231296 for detailed scope of the SI.). RAN1 is tasked with providing evaluations for different performance requirements as follows:
Detailed objectives of this study item include:
a) Complete all required submission templates as defined in Report ITU-R M.2514 [RAN ITU-R Ad-Hoc]
b) Provide self-evaluation results against technical performance requirements for eMBB-s as defined in Report ITU-R M.2514 [RAN ITU-R Ad-Hoc, RAN1, RAN2], including:
· Peak data rate
· Peak spectral efficiency
· User experienced data rate
· 5th percentile user spectral efficiency
· Average spectral efficiency
· Area traffic capacity
· Latency, including user plane latency and control plane latency
· Energy efficiency, including both network and device
· Mobility
· Mobility interruption time
c) Provide self-evaluation results against technical performance requirements for mMTC-s as defined in Report ITU-R M.2514 [RAN ITU-R Ad-Hoc, RAN1, RAN2], including:
· Connection density
d) Provide self-evaluation results against technical performance requirements for HRC-s as defined in Report ITU-R M.2514 [RAN ITU-R Ad-Hoc, RAN1, RAN2], including:
· Reliability
e) Provide self-evaluation results for other requirements (including bandwidth) as defined in Report ITU-R M.2514 [RAN ITU-R Ad-Hoc, RAN1, RAN2, RAN4].

In RAN1-114 9.14.2/R1-2307248 and RAN1-114-bis 9.15.2/R1-2309738, we provided SLS performance evaluation results for eMBB-s in Earth Moving beam and Earth Fixed beam patterns, respectively. Our focused KPIs have been within NR eMBB-s use case and as the following:
· User experienced data rate
· 5th percentile cell spectral efficiency
· Average cell spectral efficiency
· Area traffic capacity
In this contribution we highlight the comparison between EMC and EFC results in terms of SINR, spectral efficiency, throughput, and area traffic capacity. 
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EFC System Level Simulation Scenario
In this section we run a SLS simulation performance evaluation for Earth Fixed Cell (EFC) NTN system scenario as shown in Figure 1. The scenario consists of one LEO 600km satellite with 61 coverage beams. The inner 19 beams out of the 61 total beams will work as normal beams and accept users' connections, while the remaining outer beams will act as interferers carrying background load. Moreover, we simulate one GW/gNB ground station with variable feeder link delay associated with satellite movement.  
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	[bookmark: _Ref140479065]Figure 1: LEO-600 with 61 beams hexagonal layout. The 19 inner beams are carrying normal traffic, while the rest act as interferers.


Table 1: Additional SLS configuration parameters for Quasi-earth fixed cells 
	Parameter
	Assumption

	SLS scenario 
	LEO 600 / Small / Band S
· Bandwidth: 30 Mhz
· Frequency: 2 GHz
· Propagation: FF, LOS, Depolarization Loss [-3dB], Measurement error std [-1.72dB]
· Cell diameter: 50 km

	Nr. Cells/Sat
	61 (4 tiers) – Normal cells: 19 Inner cells, rest interferer cells 

	User Terminal
	M,N,P = (1, 1, 2) 
with omni-directional antenna element

	Number of Calls (User terminals)
	Uniformly distributed users with 10 UEs per beam

	UE Drop Area
	50 x 50 km2 over each of the 19 inner cells 

	Mobility scheme
	None

	HARQ SAW Channels
	32

	Uplink
	Enabled

	Interferer DL Background load
	Interferer cells: [25%]

	Normal cells traffic model
	Full buffer (DL, UL)

	Bandwidth
	30 MHz for each of DL and UL streams*

	Bandwidth Efficiency
	96%

	Sim. Time
	13.86 secs (8*14000steps /sec = 194040 steps) for each of the intervals defined in Table 2

	Warm up
	1260 steps

	UE measurement error (std dev)
	-1.72 dB

	Cell selection threshold
	-120 dBm

	Propagation conditions
	Line-of-sight

	UE distribution
	10 UEs per cell (uniformly distributed)

	UE Mobility
	Static (UE speed 0 Km/h)


*UL stream: we set the UL bandwidth for 30MHz with 96% bandwidth efficiency (160PRBS) however, the actual UL PRB usage is very low as our results show later.
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	Interval
	Initial longitude

	35°-45°
	-6.07°

	45°-55°
	-4.60°

	55°-65°
	-3.30°

	65°-75°
	-2.27°

	75°-85°
	-1.31°

	85°-85°
	-0.43°



EMC System Level Simulation Evaluation
In this section we run a SLS simulation performance evaluation for Earth Moving Cell (EMC) NTN system scenario as show in Figure 2. In a similar way as for the EFC scenario, the EMC scenario consists of one LEO 600km satellite with 61 coverage beams. The inner 19 beams out 61 total beams will work as normal beams and accept users' connections as well, while the remaining outer beams will act as interferers carrying background load. Moreover, we simulate one GW/gNB ground station with variable feeder link delay with satellite movement.  
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	[bookmark: _Ref149893493]Figure 2: LEO-600 with 61 beams hexagonal layout. 19 inner beams are normal, while the rest act as interferers.


In order to make the above scenario setup in Figure 2 more realistic for EMC and to maintain the assumption of at least 10 UEs per cell, the right-hand side interferer cells are configured to act as normal cells for traffic generation, but the statics of these users are not included to the final statistics. This will create traffic in these neighbor cells which may potentially be handed over to the cells actually carrying traffic and contribute to the overall statistics (within the 19 normal cells) when satellite moves in time as shown in Figure 3.
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	[bookmark: _Ref142033813]Figure 3: LEO-600 with 61 beams hexagonal layout. 19 inner beams are normal, while the rest act as interferers.

	Table 2: Additional SLS configuration parameters for earth moving cells (EMC) Parameter
	Assumption

	SLS scenario 
	LEO 600 / Small / Band S
· Bandwidth: 30 Mhz
· Frequency: 2 GHz
· Propagation: FF, LOS, Depolarization Loss [-3dB], Measurement error std [-1.72dB]
· Cell diameter: 50 km

	Nr. Cells/Sat
	61 (4 tiers) – Normal cells: 19 Inner cells, rest interferer cells 

	User Terminal
	M,N,P = (1, 1, 2) 
with omni-directional antenna element

	Number of Calls (User terminals)
	Uniformly distributed users with 10 UEs per beam

	UE Drop Area
	50 x 50 km2 over each of the 19 inner cells and also over some of the interferer cells towards which the satellite is heading

	Mobility scheme
	Conventional CHO

	HARQ SAW Channels
	32

	Uplink
	Enabled

	Interferer DL Background load
	Interferer cells: [25%]

	Normal cells traffic model
	Full buffer (DL, UL)

	Bandwidth
	30 MHz for each of DL and UL streams*

	Bandwidth Efficiency
	96%

	Sim. Time
	8 secs (8*14000steps /sec = 112000 steps)

	Warm up
	140 steps

	UE measurement error (std dev)
	-1.72 dB

	Cell selection threshold
	-120 dBm

	Propagation conditions
	Line-of-sight

	UE distribution
	At least 10 UEs per cell (uniformly distributed)


*UL stream: we set the UL bandwidth for 30MHz with 96% bandwidth efficiency (160PRBS) however, the actual UL PRB usage is very low as our results show later.
Results
Performance Comparison EMC Vs. EFC
The following Table 3 presents our comparison between EMC performance results which were contributed in [10] against the EFC performance results which are contributed in this technical report.
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	Scenario
KPI
	EFC
	EMC

	SE [kbps/Hz]
	DL
	Mean
	0.51
	0.4

	
	
	5%
	0.18
	0.11

	
	UL
	Mean
	0.046
	0.05

	
	
	5%
	0.00245
	0.00667

	Tput [kbps]
	DL 
	Mean
	1517.45
	1297.58

	
	
	5%
	543.56
	302.46

	
	UL 
	Mean
	65.28
	59.29

	
	
	5%
	2.65
	7.39

	SINR [dB]
	DL
	Mean
	-0.57
	-1.49

	
	
	5%
	-3.42
	-4.38

	
	UL
	Mean
	0.03
	3.8

	
	
	5%
	-10.43
	-8.68

	Area Capacity [kbit/s/km2]

	DL
	10.8
	8.4

	
	UL
	0.975
	1.06



Observation 1: Under the EFC scenario the system will experience better performance in terms of DL throughput compared to the EMC scenario.
Observation 2: Under the EFC scenario the system will provide better performance in terms of DL area capacity compared to EMC scenario, while in contrast the opposite is the case when it comes to the UL area capacity.
Observation 3: The main contributing factor for the relatively big difference in the achieved uplink mean SINR between EMC and EFC scenarios is the elevation angle span.

Proposal 1: Both EMC and EFC performance results should be included in the evaluation excel sheets in [9] for more representative results in the final report.
Conclusion
In this contribution we have presented our performance evaluation results compassion between Earth Fixed Scenario and EMC].
We have provided a set of observations and proposals which are as follows:
Observation 1: Under the EFC scenario the system will experience better performance in terms of DL throughput compared to the EMC scenario.
Observation 2: Under the EFC scenario the system will provide better performance in terms of DL area capacity compared to EMC scenario, while in contrast the opposite is the case when it comes to the UL area capacity.
Observation 3: The main contributing factor for the relatively big difference in the achieved uplink mean SINR between EMC and EFC scenarios is the elevation angle span.
Proposal 1: Both EMC and EFC performance results should be included in the evaluation excel sheets in [9] for more representative results in the final report.
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