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Introduction
In RAN4#99-e, RAN4 made some progress on the NTN simulation assumptions [1]. Based on the approved WF [2], companies can provide the initial NTN simulation results. In this paper, we’d like to provide our NTN simulation results and analysis.
Simulation results for terrestrial network
Urban Macro AAS
For Urban Macro AAS, the UL SINR, UL Tx power, couple Loss and DL SINR are shown as below.

Figure 1 CDF of UL SINR for 2GHz urban AAS



Figure 2 CDF of UL Tx power for 2GHz urban AAS


Figure 3 CDF of couple Loss for 2GHz urban AAS


Figure 4 CDF of DL SINR for 2GHz urban AAS
Based on the initial simulation results, 750 ISD for urban AAS scenario is enough. There is no need to change the assumptions for 2GHz urban AAS scenario.
Observation 1: there is no need to change the assumptions for 2GHz urban AAS scenario.
Urban Macro nonAAS
For Urban Macro nonAAS, the UL SINR, UL Tx power, couple Loss and DL SINR are shown as below.

Figure 5 CDF of UL SINR for 2GHz urban nonAAS

Figure 6 CDF of UL Tx power for 2GHz urban nonAAS


Figure 7 CDF of couple loss for 2GHz urban nonAAS

Figure 8 CDF of DL SINR for 2GHz urban nonAAS
For urban nonAAS, the average couple loss is larger than urban AAS. Thus, the BS received signal from the UEs in cell edge may be not sufficient. Almost 30% of UEs transmitted the 23dBm maximum power.
Observation 2: For urban nonAAS, the average couple loss is larger than urban AAS and 15dB difference between nonAAS and AAS for urban macro can be observed.
Rural Macro AAS
For Rural Macro AAS, the UL SINR, UL Tx power, couple Loss and DL SINR are shown as below.

Figure 9 CDF of UL SINR for 2GHz rural AAS

Figure 10 CDF of UE Tx power for 2GHz rural AAS


Figure 11 CDF of couple loss for 2GHz rural AAS


Figure 12 CDF of DL SINR for 2GHz rural AAS
It’s noted that 70% ~ 80% UE transmitted the 23dBm Maximum power. The UL SINRs are less than -10dB for more than 5% cell edge samples. That means the 7500 meters’ ISD for rural AAS is too large. The ISD for rural AAS can be further reconsidered.
Observation 3: The 7500 meters’ ISD for rural AAS is too large. The ISD for rural AAS can be further reconsidered.
Rural Macro nonAAS
For Rural Macro nonAAS, the UL SINR, UL Tx power, couple Loss and DL SINR are shown as below.

Figure 13 CDF of UL SINR for 2GHz rural nonAAS


Figure 14 CDF of UE Tx power for 2GHz rural nonAAS


Figure 15 CDF of couple loss for 2GHz rural nonAAS


Figure 16 CDF of DL SINR for 2GHz rural nonAAS
It’s noted that almost 90% UE transmitted the 23dBm Maximum power. The UL SINRs are less than -10dB for 50% samples.
Observation 4: It’s noted that almost 90% UE transmitted the 23dBm Maximum power for nonAAS rural macro.
Simulation results for satellite
LEO600
For LEO600, the UL SINR, UL Tx power, couple Loss and DL SINR are shown as below.

Figure 17 CDF of UL SINR for LEO 600


Figure 18 CDF of UE Tx power for LEO 600

Figure 19 CDF of couple loss for LEO 600

Figure 20 CDF of DL SINR for LEO 600

LEO1200
For LEO1200, the UL SINR, UL Tx power, couple Loss and DL SINR are shown as below.

Figure 21 CDF of UL SINR for LEO 1200


Figure 22 CDF of UE Tx power for LEO 1200


Figure 23 CDF of couple loss for LEO 1200

Figure 24 CDF of DL SINR for LEO 1200
GEO
For GEO, the UL SINR, UL Tx power, couple Loss and DL SINR are shown as below.

Figure 25 CDF of UL SINR for GEO

Figure 26 CDF of UE Tx power for GEO

Figure 27 CDF of couple loss for GEO

Figure 28 CDF of DL SINR for GEO


Discussion
1) For the UE Tx power, since the targeted SINR for UL is 15dB and couple loss is too large for service link, all the UEs have to transmit the maximum Tx power 23dBm for LEO600, LEO1200 and GEO.
2) For the UL SINR, 20% of UL samples for LEO600 are less than -10dB. 80% of UL samples for LEO1200 are less than -10dB. 100% of UL samples for GEO are less than -10dB. Since we have to check the 5%-tile throughput, UL bandwidth can be adjusted to improve UL SINR.
3) For the couple loss, theoretical calculations are listed as below.
	fc(GHz)
	Distance(m)
	PLb(dB)
	PLg(dB)
	PLs(dB)
	Ple(dB)
	PL
	Satellite antenna Gain
	Couple Loss

	2
	600000
	154.0336
	0.025
	2.2
	0
	156.25
	30
	126.25

	2
	1200000
	160.0542
	0.025
	2.2
	0
	162.27
	30
	132.27

	2
	35786000
	189.5449
	0.025
	2.2
	0
	191.76
	51
	140.76



These values are aligned with the average values, namely 50% point of couple loss. Since the shadow fading is 4dB for aggressor urban scenario, fluctuations in couple loss data follow normal distribution.
4) Since only one beam is considered for satellite, the UL/DL SINR didn’t include the co-channel interference from adjacent beam.
Observation 5: For all the satellite scenarios, the 5%-tile SINRs are less than -10dB. UL bandwidth can be adjusted to improve UL SINR.
Observation 6: Only one beam can be assumed for satellite.
Summary
Based on the discussion, all the observations and proposals are listed below:
Observation 1: There is no need to change the assumptions for 2GHz urban AAS scenario.
Observation 2: For urban nonAAS, the average couple loss is larger than urban AAS and 15dB difference between nonAAS and AAS for urban macro can be observed.
Observation 3: The 7500 meters’ ISD for rural AAS is too large. The ISD for rural AAS can be further reconsidered.
Observation 4: It’s noted that almost 90% UE transmitted the 23dBm Maximum power for nonAAS rural macro.
Observation 5: For all the satellite scenarios, the 5%-tile SINRs are less than -10dB. UL bandwidth can be adjusted to improve UL SINR.
Observation 6: Only one beam can be assumed for satellite.
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CDF(%)



CDF of DL SINR for 2GHz urban AAS
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CDF(%)



CDF of UL SINR for 2GHz Urban NonAAS
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CDF(%)



CDF of UL Tx power for 2GHz Urban NonAAS
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CDF of couple loss for 2GHz Urban NonAAS
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CDF(%)



CDF of DL SINR for 2GHz urban NonAAS
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CDF(%)



CDF of UL SINR for 2GHz Rural AAS
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CDF(%)



CDF of UE Tx power for 2GHz Rural AAS
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CDF(%)



CDF of DL SINR for 2GHz Rural AAS
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CDF(%)



CDF of UL SINR for 2GHz Rural NonAAS
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CDF(%)



CDF of UL Tx power for 2GHz Rural NonAAS
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CDF(%)



CDF of couple loss for 2GHz Rural NonAAS
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CDF(%)



CDF of DL SINR for 2GHz Rural NonAAS
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CDF of UL SINR for LEO 600
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CDF of UE Tx power for LEO 600
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CDF(%)



CDF of couple loss for LEO 600
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CDF of DL SINR for LEO600
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CDF (%)



CDF of UL SINR for LEO 1200
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CDF of UE Tx power for LEO 1200
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CDF(%)



CDF of couple loss for LEO 1200
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CDF of DL SINR for LEO1200
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CDF (%)



CDF of UL SINR for GEO

-34.423999999999999	-33.865000000000002	-32.258000000000003	-31.67	-31.231999999999999	-30.997	-30.399000000000001	-29.585999999999999	-29.501999999999999	-29.274999999999999	-29.225999999999999	-29.11	-29.006	-28.715	-28.634	-28.594999999999999	-28.533000000000001	-28.477	-27.713999999999999	-27.687999999999999	-27.484000000000002	-27.481000000000002	-27.059000000000001	-26.736000000000001	-26.523	-26.451000000000001	-26.393000000000001	-26.169	-25.902000000000001	-25.687999999999999	-25.652999999999999	-25.596	-25.46	-25.443999999999999	-25.31	-25.244	-25.099	-25.029	-24.95	-24.923999999999999	-24.82	-24.683	-24.635999999999999	-24.309000000000001	-24.286999999999999	-24.242999999999999	-24.224	-24.196999999999999	-24.006	-24.003	-23.9	-23.898	-23.556999999999999	-23.434000000000001	-23.391999999999999	-23.350999999999999	-23.219000000000001	-23.2	-23.14	-22.884	-22.878	-22.792999999999999	-22.738	-22.734999999999999	-22.734000000000002	-22.603999999999999	-22.533999999999999	-22.452999999999999	-22.382999999999999	-22.335999999999999	-22.312999999999999	-22.02	-21.931000000000001	-21.925999999999998	-21.824999999999999	-21.597999999999999	-20.975999999999999	-20.887	-20.858000000000001	-20.716999999999999	-20.657	-20.411000000000001	-20.216999999999999	-19.358000000000001	-19.332000000000001	-19.315000000000001	-19.29	-18.635999999999999	-18.481999999999999	-18.331	-17.710999999999999	-17.484999999999999	-17.478000000000002	-17.100999999999999	-17.094000000000001	-16.856999999999999	-16.693000000000001	-16.521000000000001	-15.702999999999999	-14.976000000000001	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	0.91	0.92	0.93	0.94	0.95	0.96	0.97	0.98	0.99	1	SINR (dB)


CDF(%)



CDF of UE Tx power for GEO
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CDF(%)



CDF of couple loss for GEO

131.56	132.29	133.11000000000001	133.28	133.44999999999999	133.68	133.69	134.07	134.07	134.30000000000001	134.91999999999999	135.07	135.22999999999999	135.88	135.91	135.91999999999999	135.94999999999999	136.81	137	137.25	137.31	137.44999999999999	137.47999999999999	137.57	138.19	138.41	138.52000000000001	138.52000000000001	138.61000000000001	138.9	138.93	138.97	139.04	139.12	139.19	139.32	139.32	139.33000000000001	139.38	139.47	139.47	139.72999999999999	139.79	139.81	139.94	139.97999999999999	140.02000000000001	140.15	140.49	140.49	140.59	140.6	140.79	140.81	140.83000000000001	140.88	140.9	141.22999999999999	141.27000000000001	141.41	141.51	141.54	141.62	141.69	141.83000000000001	141.9	142.03	142.05000000000001	142.19	142.24	142.28	142.49	142.76	142.97999999999999	143.04	143.11000000000001	143.33000000000001	143.65	144.07	144.07	144.28	144.30000000000001	145.07	145.12	145.19	145.22	145.31	145.6	145.69999999999999	145.82	145.87	146.09	146.18	146.99	147.59	147.82	148.26	148.85	150.46	151.01	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	0.91	0.92	0.93	0.94	0.95	0.96	0.97	0.98	0.99	1	Couple loss (dB)


CDF(%)



CDF of DL SINR for GEO

-8.3138000000000005	-7.7549000000000001	-6.1477000000000004	-5.5598000000000001	-5.1219999999999999	-4.8872999999999998	-4.2893999999999997	-3.4763999999999999	-3.3917000000000002	-3.1654	-3.1162999999999998	-3.0002	-2.8959999999999999	-2.605	-2.5244	-2.4851000000000001	-2.4232	-2.3671000000000002	-1.6044	-1.5779000000000001	-1.3740000000000001	-1.3711	-0.94928999999999997	-0.62626000000000004	-0.41313	-0.3412	-0.28288000000000002	-5.9275000000000001E-2	0.20829	0.42205999999999999	0.45668999999999998	0.51429999999999998	0.65034999999999998	0.66585000000000005	0.80005000000000004	0.86641999999999997	1.0115000000000001	1.0809	1.1597999999999999	1.1863999999999999	1.29	1.427	1.4737	1.8005	1.823	1.8671	1.8855	1.9133	2.1036000000000001	2.1067999999999998	2.2101999999999999	2.2122999999999999	2.5531000000000001	2.6762000000000001	2.7174999999999998	2.7587999999999999	2.8914	2.9100999999999999	2.9704999999999999	3.2254999999999998	3.2324999999999999	3.3174000000000001	3.3721999999999999	3.3754	3.3757999999999999	3.5057999999999998	3.5758000000000001	3.6568999999999998	3.7269000000000001	3.7742	3.7968000000000002	4.0898000000000003	4.1790000000000003	4.1837	4.2849000000000004	4.5122	5.1336000000000004	5.2233999999999998	5.2521000000000004	5.3926999999999996	5.4528999999999996	5.6993999999999998	5.8926999999999996	6.7519999999999998	6.7782999999999998	6.7946999999999997	6.8197000000000001	7.4741999999999997	7.6279000000000003	7.7793000000000001	8.3989999999999991	8.6244999999999994	8.6317000000000004	9.0094999999999992	9.0160999999999998	9.2530000000000001	9.4167000000000005	9.5885999999999996	10.407	11.134	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	0.91	0.92	0.93	0.94	0.95	0.96	0.97	0.98	0.99	1	SINR (dB)


CDF (%)



CDF of UL SINR for 2GHz Urban AAS
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CDF(%)



CDF of UL Tx power for 2GHz Urban AAS
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CDF(%)



3GPP
