3GPP TSG RAN WG1 #97                                                    R1-1906870
Reno, USA, 13th – 17th May, 2019

Source:
ZTE

Title:
Discussion on the simulation assumption for NTN
Agenda Item:  7.2.5.1
Document for:  Discussion

1 Introduction
In RAN1#96b, the following satellite parameters and pay load characteristics for downlink transmissions are agreed [1] with basic assumption on the hexagonal beam layout.

Table 1: Example of satellite parameters and payload characteristics for downlink transmissions

	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35’786 km
	1’200 km
	600 km

	Equivalent satellite antenna aperture (Note1)
	S-band
	22 m
	2 m
	2 m

	Satellite EIRP density
	
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz

	Satellite beam diameter
	
	300 km
	150 km
	70 km

	Equivalent satellite antenna aperture (Note1)
	Ka-band
	5 m
	0.5 m
	0.5 m

	Satellite EIRP
	
	40 dBW/MHz
	10 dBW/MHz
	4 dBW/MHz

	Satellite beam diameter
	
	130 km
	40 km
	20 km

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of TR38.811v15.0.0.


Table 2: Example of satellite parameters and payload characteristics for uplink transmissions

	Parameters/Scenarios
	GEO
	LEO-1200
	LEO-600

	Equivalent satellite antenna aperture (Note1)
	S-band
	22 m
	2 m
	2 m

	G/T
	
	19 dB K-1
	11.2 dB K-1
	11.2 dB K-1

	Equivalent satellite antenna aperture (Note1)
	Ka-band
	5 m
	0.5 m
	0.5 m

	G/T
	
	22 dB K-1
	13 dB K-1
	13 dB K-1

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of TR38.811v15.0.0.


Moreover, still a lot of parameters are FFS. In this contribution, for emulating the realistic system, the design principle for satellite reference design and beam layout are discussion firstly. Then, values for remaining parameters including the second satellite parameters with consideration of larger beam diameter is provided. Furthermore, parameter sets for link level simulation are also mentioned for the potential evaluations.
2 Discussion on the design principle for satellite reference constellation and beam layout
For emulating the realistic condition for NTN system, the design principle for the satellite parameters, e.g., reference constellation as well as beam layout should be identified firstly. Otherwise, the over-simplified configuration will lead to the un-realistic results and also controversy can be expected among parameters. In this section, the basic consideration on the satellite constellation design and beam layout are elaborated.
Generally, for achieving the target for one NTN system, e.g., with global coverage, several factors should be considered for the satellite constellation. For example, for LEO system, at least followings should be taken into account:
· Satellite altitude

· HPBW of beam

· Minimum Elevation angle

· Inclination

Among them, the minimum elevation angles should be set firstly mainly depending the on target services. In this contribution, the minimum elevation angle as 30° considered as the example. Then, in general, the following geometric calculation is considered for a reference constellation design:
a. The number of satellites Ns per orbit: 

With consideration of the minimum elevation angle Elmin =30 degree, Ns can be calculated as:
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Where Re=6371km is the radius of earth and
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b. Beam parameters:

As mentioned above, the hexagonal beam layout shown in Figure 1 is agreed. In this case, for achieving the target coverage by single beam, the radius of the beam Rbeam can be determined by 
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Where h is the altitude of satellite.


[image: image5]
Figure 1 Illustration of the hexagonal beam layout
Practically, the number of satellite per orbit as well as the number of beam per set should be integer. But with the agreed parameters mentioned above, such kind of requirements cannot be achieved. For fixing this problem, slight updates on these parameters, i.e., beam diameter, is required with following steps: 
· Step 1: Calculating the following parameters with assumed Ns. 
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· Step 2: Calculating the required number of the beams (Nc) as well as the beam diameter:
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Moreover, for achieving the target beam radius with the beam pattern, i.e., Bessel function listed in [2], the corresponding correction on the equivalent satellite antenna aperture should also be considered based on following:
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Where λ is the wavelength of the carrier.

Then, based on the analysis above, to facilitate the inter-satellite simulation within different orbits, it is necessary to update the previous agreed parameters for set-1 by the values (marked by yellow) listed in Table 3 for both DL and UL.
Table 3 Updated satellite parameters for Set-1

	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35’786 km
	1’200 km
	600 km

	Equivalent satellite antenna aperture (Note1)
	S-band
	22.5m
	1.5m
	1.67m

	Satellite EIRP density
	
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz

	Satellite beam diameter
	
	291km
	149km
	66km

	Equivalent satellite antenna aperture (Note1)
	Ka-band
	5 m
	0.55m
	0.55m

	Satellite EIRP
	
	40 dBW/MHz
	10 dBW/MHz
	4 dBW/MHz

	Satellite beam diameter
	
	130 km
	40 km
	20 km

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of TR38.811v15.0.0.


Furthermore, in order to conducting the simulation with multiple satellite, the parameters listed in Table 4, e.g., Ns (number of satellite per orbit), Norbit (number of orbit) and Nbeam (number of beam per satellite), to construct the reference constellation can be considered with assumed inclination equating to 86.4 degree. Considering the overload of simulation, partial of beams, e.g., inner three rings or outer rings can be selected for single or multiple satellite simulation.
Table 4 Parameters for reference constellation of set-1

	Frequency
	Satellite altitude  (km)
	Parameter
	Frequency
	Satellite altitude  (km)
	Parameter

	S-band
	600
	Ns 
	28
	Ka-band
	600
	Ns 
	28

	
	
	Norbit
	16
	
	
	Norbit
	16

	
	
	Nbeam 
	397
	
	
	Nbeam 
	2473

	
	1200
	Ns 
	16
	
	1200
	Ns 
	16

	
	
	Norbit
	10
	
	
	Norbit
	10

	
	
	Nbeam 
	331
	
	
	Nbeam 
	1951

	
	GEO
	Ns 
	4
	
	GEO
	Ns 
	4

	
	
	Norbit
	1
	
	
	Norbit
	1

	
	
	Nbeam 
	1387
	
	
	Nbeam 
	6769


Proposal 1: Basic principle on the satellite reference constellation design and beam layout should be agreed, e.g., minimum elevation angle is set to 30.
Proposal 2: Update the agreed satellite parameters for set-1 by values listed in Table 3. 
Proposal 3: Reference constellation defined in Table 4 can be considered for set-1 simulation with single or multiple satellite(s).

· Selection on partial of beams for each satellite can be conducted as required.

3 Parameters for the remaining parameters

· Satellite parameters for set-2
As discussed in RAN1#96bis, in addition to set-1, satellite parameters set with larger beam diameter, i.e., set-2 should also be considered. Based on the methodology listed in section 2, satellite parameters listed in Table 5 can be considered as the baseline for set-2 simulation with corresponding reference constellation defined in Table 6.
Table 5 Satellite parameters for set-2
	Satellite orbit
	LEO-1200
	LEO-600

	Satellite altitude
	1’200 km
	600 km

	Equivalent satellite antenna aperture (Note1)
	S-band
	0.9m
	0.67m

	Satellite EIRP density
	
	40 dBW/MHz
	34 dBW/MHz

	G/T
	
	11.2 dB K-1
	11.2 dB K-1

	Satellite beam diameter
	
	242.6 km
	175.4 km

	Note 1: This value is equivalent to the antenna diameter to be used in Sec. 6.4.1 of TR38.811v15.0.0.


Table 6 Parameters for reference constellation for set-2

	Frequency
	Satellite altitude  (km)
	Parameter

	S-band
	600
	Ns 
	28

	
	
	Norbit
	16

	
	
	Nbeam 
	37

	
	1200
	Ns 
	16

	
	
	Norbit
	10

	
	
	Nbeam 
	61


Proposal 4: Satellite parameters in in Table 5 can be considered as the baseline for set-2 simulation with reference constellation defined in Table 6.

· Selection on partial of beams for each satellite can be conducted as required.

· Beam layout
As illustrated in Figure 1, the proper beam layout design to satisfy the agreement to be approximated by hexagonal beam layout, namely certain overlapping among beams should be considered as the example in Figure 2. 
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Figure 2 Illustration of the beam pattern for LEO1200 in S-band
For the simplicity for indication of beam parameters, the bore-sight direction is preferred. More specifically, further parameterized solution under UV space with methods listed in Appendix D can be considered. And the exemplified illustration of beam center is shown in Figure 3 with corresponding parameters listed in Table 10.
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Figure 3 Illustration of beam center for LEO1200 in S-band based on both Cartesian and UV coordination system
Proposal 5: Beam layout defined with the bore-sight direction based on the UV space can be considered for NTN.
· Parameters listed in Table 10 can be considered as starting point for LEO1200 in S-band
· Parameters for UEs
The following area for UE distribution listed in Table 7 can be considered to evaluate the performance of satellite. Up to 10 UEs per beam with uniformly distributed within the region should be considered as baseline. Moreover, UE parameters listed in Table 8 can be considered as baseline for evaluation.
Table 7 Exemplified UE distribution region

	UE distribution Region
	Low latitude region

	LEO
	Pws: [20°W, 20°S]

Pwn: [20°W, 20°N]

Pen:[20°E , 20°N]

Pes: [20°E , 20°S]

	GEO
	Pws: [80°E, 20°S]

Pwn: [80°E, 20°N]

Pen:[120°E , 20°N]

Pes: [120°E , 20°S]


Table 8 Parameters for UE configurations

	Frequency band
	UE type
	Scenario configuration A (GEO)
	Scenario configuration C2/D2

	S-band
	Handheld
	antenna config:

· two Omni-directional antenna

polarization: 

· +/-45°X-pol

Noise figure [dB]:

· 7
Receive antenna gain

· 0 dBi
	antenna config:

· two Omni-directional antenna

polarization: 

· +/-45°X-pol

Noise figure [dB]:

· 7 dB

Receive antenna gain

· 0 dBi

	Ka
	Others
	antenna config:

·  (M,N,P,Mg,Ng) = (4,8,2,1,1); (dV,dH) = (0.5, 0.5)λ with directional antenna element (HPBW=650, directivity 8dB)

polarization: 

·  +/-45°X-pol

Noise figure [dB]:

· 9
	antenna config:

·  (M,N,P,Mg,Ng) = (4,8,2,1,1); (dV,dH) = (0.5, 0.5)λ with directional antenna element (HPBW=650, directivity 8dB)

polarization: 

·  +/-45°X-pol

Noise figure [dB]:

· 9


Proposal 6: Parameters listed in Table 8 can be considered as the baseline for simulation

· Ideal beam orientation at UE side is assumed as baseline.

4 Link level simulation assumption for DL synchronization evaluation

As mentioned in [3], the performance of DL synchronization based on NR SSB design should be considered. As the starting point, the parameters listed in Table 9 based on the proposal in [4] can be adopted.

Table 9 Illustration of parameters for DL synchronization evaluation

	Configurations
	FR-1
	FR-2

	Carrier Frequency
	2 GHz
	30 GHz

	Channel Model
	

AWGN

	Subcarrier Spacing(s)
	15, 30, 60, 120, 240, or 480 kHz (to be clarified by each proponent; other values are not precluded)

	SNR range
	> -6dB
	> -18dB

	UE speed
	3 km/h and 1000km/h

	Search window
	The time window to search (correlate) NR-PSS. It depends on the periodicity of NR-SS transmission. The value needs to be provided by each proponent

	Antenna Configuration at the satellite
	Single omni-directional antenna element (for AWGN)

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(M, N, P) = (2, 4, 2); With directional antenna element (HPBW=900, directivity 5dB). 

	Frequency Offset
	· Initial acquisition
· Satellite: uniform distribution +/- 0.05 ppm
· UE: uniform distribution +/- 5, 10, 20  ppm (each company to choose one)
· Non-initial acquisition
· Satellite: uniform distribution +/- 0.05 ppm
· UE: uniform distribution +/- 0.1 ppm
Note: Ideal Doppler compensation due to the movement of satellite with the reference at beam center is assumed.

	Phase Rotation Model
	-
	FFS

	Number of interfering Beams
	0
	0

	Metric
	Joint PSS and SSS detection false alarm rate, residual timing/frequency offset


Proposal 7: Simulation assumption listed in Table 9 can be considered as the baseline for DL synchronization evaluation.
5 Link level simulation assumption for preamble evaluation

As mentioned in [5], the performance of PRACH design should be evaluated for NTN. As the starting point, the parameters listed in Table 10 based on the proposal in [4] can be adopted.
Table 10 Illustration of parameters for PRACH evaluation

	Configurations
	FR-1
	FR-2

	Carrier Frequency
	2 GHz
	30 GHz

	Channel Model
	

AWGN

	Antenna Configuration at the satellite
	Single omni-directional antenna element (for AWGN)

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(2,4,2), with directional antenna element (HPBW=90°, directivity 5dB)

	Frequency Offset
	· +/- 0.05 ppm at Satellite ,  +/-0.1 ppm at UE
Note: Ideal frequency offset compensation due to the movement of satellite is assumed.

	UE speed
	3 km/h and 1000km/h

	Initial timing Offset
	· Timing uncertainty derived from cell radius 

· (e.g. for FR1 GHz, [-10us, +10us] for 3km cell radius)

· Companies report the assumed cell radius
Note: Ideal common delay compensation is assumed.

	Metric
	· Miss detection rate


Proposal 8: Simulation assumption listed in Table 10 can be considered as the baseline for PRACH evaluation.

6 Conclusion

In this contribution, detailed simulation assumption for SLS and LLS are provided with following observation and proposals:
Proposal 1: Basic principle on the satellite reference constellation design and beam layout should be agreed, e.g., minimum elevation angle is set to 30.

Proposal 2: Update the agreed satellite parameters for set-1 by values listed in Table 3. 

Proposal 3: Reference constellation defined in Table 4 can be considered for set-1 simulation with single or multiple satellite(s).

· Selection on partial of beams for each satellite can be conducted as required.

Proposal 4: Satellite parameters in in Table 5 can be considered as the baseline for set-2 simulation with reference constellation defined in Table 6.

· Selection on partial of beams for each satellite can be conducted as required.

Proposal 5: Beam layout defined with the bore-sight direction based on the UV space can be considered for NTN.

· Parameters listed in Table 10 can be considered as starting point for LEO1200 in S-band

Proposal 6: Parameters listed in Table 8 can be considered as the baseline for simulation

· Ideal beam orientation at UE side is assumed as baseline.

Proposal 7: Simulation assumption listed in Table 9 can be considered as the baseline for DL synchronization evaluation.

Proposal 8: Simulation assumption listed in Table 10 can be considered as the baseline for PRACH evaluation.
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Appendix

Assuming the reference satellite locates at the position: [X, 0, 0] T in the ECEF coordinates, where X represents the altitude of the satellite and the X/Y/Z axis in ECEF follow the directions described in section 6.3 in TR38.811.

The reference orbit is parallel with the equator.

The mapping between UV and XYZ:


For any point P:[X, Y, Z]T in ECEF coordinates: 



[x, y, z]T = [X, Y, Z]T/ ||[X, Y, Z]T ||2 




U = 0.5 + arctan2(y, x)/(2π)



V = 0.5 – arcsin(z)/ π


For any point P’:[U,V]T in UV coordinates: 



X = Re·cos((U-0.5) · 2π)



Y = Re·sin((U-0.5) · 2π)



Z = Re·sin ((0.5-V) ·π)


Where Re=6371km is the radius of the earth.
So the UV coordinates of the nadir of the reference satellites is [0.5 0.5] T.

Table 11 Parameters of beam for LEO-1200 in S band

	Beam ID
	U-space
	V-space

	0
	0.5
	0.5

	1
	0.501974
	0.502279

	2
	0.501974
	0.497721

	3
	0.5
	0.495442

	4
	0.498026
	0.497721

	5
	0.498026
	0.502279

	6
	0.5
	0.504558

	7
	0.503977
	0.504592

	8
	0.503975
	0.5

	9
	0.503977
	0.495408

	10
	0.501988
	0.493116

	11
	0.5
	0.490816

	12
	0.498012
	0.493116

	13
	0.496023
	0.495408

	14
	0.496025
	0.5

	15
	0.496023
	0.504592

	16
	0.498012
	0.506884

	17
	0.5
	0.509184

	18
	0.501988
	0.506884

	19
	0.506043
	0.506975

	20
	0.506035
	0.502128

	21
	0.506035
	0.497872

	22
	0.506043
	0.493025

	23
	0.50394
	0.490612

	24
	0.502097
	0.488484

	25
	0.5
	0.486046

	26
	0.497903
	0.488484

	27
	0.49606
	0.490612

	28
	0.493957
	0.493025

	29
	0.493965
	0.497872

	30
	0.493965
	0.502128

	31
	0.493957
	0.506975

	32
	0.49606
	0.509388

	33
	0.497903
	0.511516

	34
	0.5
	0.513954

	35
	0.502097
	0.511516

	36
	0.50394
	0.509388
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