3GPP TSG RAN WG1 #96bis                                                 R1-1904771
Xi’an, China, 8th – 12th April, 2019

Source:
ZTE

Title:
Preliminary simulation results for NTN

Agenda Item:  7.2.5.5

Document for:  Discussion

1 Introduction
According to the approved SI on NR to support non-terrestrial network (NTN) [1], the following aspects from RAN1 perspective will be studied:
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)

· Uplink Timing advance/RACH procedure including PRACH sequence/format/message

· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]

And following scenarios are prioritized for evaluation according to the updates in [2]

	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Orbit type
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting around the earth

	Altitude
	35,786 km
	600 km

1,200 km

	Spectrum (service link)
	<6 GHz (e.g. 2 GHz)

>6 GHz (e.g. DL 20 GHz, UL 30 GHz)

	Max channel bandwidth (service link)
	30 MHz for band < 6 GHz

400 MHz for band > 6 GHz


In this contribution, system simulation with assumed satellite constellation, beam layout and other parameters are conducted for LEO (1200 km) in Ka-Band with the preliminary statistic on the following:

· Coupling loss

· Carrier to Noise ratio

· SINR

2 Simulation assumption
As discussed in [3], for conducting the proper simulation for NTN, the following key parts are considered in this contribution as examples:

· Satellite reference constellation
As shown in Figure 1, the satellite constellation for LEO system with the altitude equating to 1200km is proposed. Moreover, 16 circular orbits with 86.4 inclination and 36 satellites per orbit are considered.

· Layout of the beam and frequency reusing
Totally 16 beams per satellite with the pattern defined in Table 3 are used per satellite in the simulation as the exemplified projection shown in Figure 2. The red line refers to the connection between the satellite and center of the beams. Moreover, for investigating the interference phenomenon, no FDM around beams is considered, namely, frequency reuse factor equates to 1.

· Parameters for terrestrial configuration

For investigating the performance difference among UE in different region, the following area for UE distribution listed in Table 1. Moreover, the UE is distributed with the equally angular gap around 0.2 and 0.3 degree for longitude and latitude, respectively. 
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 (a) Low latitude region                     (b) high latitude region
 Figure 1 Illustration of the distribution of satellite in different regions
[image: image3.png]10

10



 [image: image4.png]



(a) Top View                      (b)  Side View
Figure 2 Illustration of the layout of beams for each satellite 
Table 1 Exemplified UE distribution region

	UE distribution Region
	Low latitude region
	High latitude region

	Parameters for region
	Pws: [70°E, 20°S]

Pwn: [70°E, 20°N]

Pen:[110°E , 20°N]

Pes: [110°E , 20°S]
	Pws: [70°E, 40°N]

Pwn: [70°E, 80°N]

Pen:[110°E , 80°N]

Pes:[110°E , 40°N]


Other parameters can be found in Table 2 and for the large scale fading, besides free space loss, atmosphere loss and scintillation loss are considered as well according to [1].

3 Preliminary simulation result
As mentioned above, the distribution of the Coupling loss (CL), Carrier to Noise ratio (C/N) as well as SINR are provided for the UE within low and high altitude region.

· Low latitude region
The distribution of the coupling loss is shown in Figure 3 with the smaller deviation (within 5dB). It can be found that, the main difference among UEs are introduced by the beams gain at satellite due to the changes of angles, i.e., more gain can be harvest around the bore-sight direction.

Additionally, through the comparison on the distribution of SINR and C/N shown in Figure 4, it can be found that large deviation occurs which is mainly introduced due to intra-beam within same satellite as well as inter-satellite. It also demonstrates that for enhancing the performance of satellite, frequency-reuse among beams should be considered for alleviating the interference.
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Figure 3 Illustration of CL distribution in lower latitude region
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Figure 4 Illustration of the C/N and SINR distribution in lower latitude region

Observation 1: Difference on the CL (also received power) for UEs is limited and mainly due to the variation of beam gain around angles.

Observation 2: Larger gap between SINR and C/N can be found due to the inter/intra-satellite interference.
Proposal 1: Frequency allocation with reusing factor larger than 1 should be considered to alleviate the intra-satellite interference.
· High latitude region
From the results shown in Figure 5 and Figure 6 for high latitude region, similar observation w.r.t the CL and SNIR vs C/N can be found. Moreover, since the observed satellite for one UE will increased, which is general trend for all of the circular-polar orbit, more interference from the neighboring satellite will be received. Such kind of phenomenon can be found via the comparison of the distribution SINR between different regions, i.e., the percentage of UE in lower SINR is larger for the high latitude region.
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Figure 5 Illustration of CL distribution in high latitude region
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(b)                                                (c)

Figure 6 Illustration of the C/N and SINR distribution in high latitude region
Observation 3: Percentage of the UE with lower SINR is larger in high latitude region due to the increased inter-satellite interference.
4 Conclusion

In this contribution, preliminary results based on the system simulation by assuming the LEO 1200km in Ka-band are provided. Following observations and proposal are drawn based on corresponding results:
Observation 1: Difference on the CL (also received power) for UEs is limited and mainly due the variation of beam gain around angles.

Observation 2: Larger gap between SINR and C/N can be found due to the inter/intra-satellite interference.
Observation 3: Percentage of the UE with lower SINR is larger in high latitude region due to the increased inter-satellite interference.

Proposal 1: Frequency allocation with reusing factor larger than 1 should be considered to alleviate the intra-satellite interference.
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Appendix 
Table 2 Illustration of the simulation assumptions

	Parameter
	Value

	Satellite Latitude
	1200km

	Reference Satellite constellation
	LEO

	Beam Number in a satellite
	16

	Duplexing
	FDD

	DL Frequency
	20GHz

	UL Frequency
	30GHz

	Maximum Bandwidth per beam (DL + UL)
	2*400MHz

	Frequency reuse factor among beams
	1

	Terrestrial scenarios
	Suburban and Rural scenarios

	Outdoor UE configuration
	100% VSAT 0km/h

	UE orientation
	VSAT: Idea Tracking serving beam;

	Satellite beam EIRP
	35dBm

	Satellite beam HPBW
	10.5 degree

	UE distribution Region
	Low altitude region/ High altitude region

	UE altitude
	0km

	UE antenna Type
	VSAT

	UE antenna G/T
	14dB/K

	Handover Margin
	0dB

	UE attachment
	Geometry

	Cable loss
	0dB


Table 3 Bore-sight direction of beams 

	Beam ID
	   Bore-sight direction vector (x,y,z)

	1
	-1.0000
	0.0000
	0.0000

	2
	-0.9720
	-0.2350
	0.0000

	3
	-0.9720
	-0.1175
	0.2035

	4
	-0.9720
	0.1175
	0.2035

	5
	-0.9720
	0.2350
	0.0000

	6
	-0.9720
	0.1175
	-0.2035

	7
	-0.9720
	-0.1175
	-0.2035

	8
	-0.9003
	-0.4090
	0.1489

	9
	-0.9003
	-0.2176
	0.3770

	10
	-0.9003
	0.0756
	0.4287

	11
	-0.9003
	0.3334
	0.2798

	12
	-0.9003
	0.4353
	0.0000

	13
	-0.9003
	0.3334
	-0.2798

	14
	-0.9003
	0.0756
	-0.4287

	15
	-0.9003
	-0.2176
	-0.3770

	16
	-0.9003
	-0.4090
	-0.1489
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