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NTN with HAPS and LEO
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Proposal of PDMA(Power Division Multipla Access)

送信制御

Ack

伝搬遅延

SAT
多数局収容の実現

遅延増大の抑止.
×

周波数利用効率の改善

既存基地局への干渉低減

PDMA with NOMA

Intrferences
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Capture Effect(捕捉効果) 衛星通信実験 平成５年
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PDMA with NOMA

Traffic vs. Throughput Thrpughput vs. Delay

Capacity
（ TDMA / Proposal(QPSK) ）

BER
（ TDMA / Proposal(QPSK) ）

TDMAよりも優れた性能

NOMAと比較して

優れたスループット特性・
収容可能な局数の向上

BER （ NOMA / proposal）

NOMAと比較して
低いBERを達成
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PDMA with NOMA

トラヒックｰ遅延特性

平均遅延時間
削減
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Application of NOMA

◼ Multiple some signals in the power domain.

◼ Don’t implement the switching of power levels

◼ High throughput, but low user fairness
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Application of PDMA
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◼ Multiple some signals in the power domain.

◼ Implement the switching of power levels

◼ High throughput, and good user fairness



Application of PDMA



Space Elevator Communication

Space Elevator is one the future 
platforms. There are many 
applications employing SE.
We consider it will be promising 
communication platform in the 
future.  We have proposed 
several schemes for the SE.



Communications by Space Elevator

・In the space elevator, each station is assumed to 
be a communication base station for inter-station 
communication and station-ground communication.

・However, specific considerations for its 
communication have not yet been made.
Ex) What type of communication will be used.

Where each station will be located.
What level of performance will be needed.



Positioning of Space Elevator
in Wireless Communications
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Result of LOS rate

• The figure on the right shows 
LOS rate in big cities

• The next slide shows LOS 
rate for medium cities and 
small cities
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Result of LOS rate
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In case the space elevator is constructed outside of the equator1. the orbit of 
the space elevator was obtained2. assuming that the communication base 
station is installed in the atmosphere, BER characteristics were obtained.

[4] R. Kuzuno, S. Dong, T. Okada, K. Otsuka and K. Makihara, 

"Dynamics and Energy Analysis of Nonequatorial Space Elevator Using 

Three-Dimensional Nonlinear Finite Element Method Extended to 

Noninertial Coordinate System

②Simulation Overview (Atmospheric Station

Image of orbit when constructed outside of the equator



②Orbit Calculation Results
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Space elevator orbits are calculated by latitude. The figure on the right shows the center of the 

earth as the origin



条件 値

周波数[GHz] 2.0

設置高度[km] 88.9

距離[km] 646

EIRP[dBm] 45 – 60

熱雑音[dB] - 95

距離 [km]

高
度

[k
m

]

In this simulation, we simulated the 

communication performance of a space elevator 

built from Okinawa, Japan, to Taiwan from an 

appropriate location (right figure) in order to 

obtain an orbit.



6G Satellite Systems employing  Cars and 
Traffic Lights relay.



Satellite Communication：30GHz / 20GHz

5G：28GHz / 4GHz（sub-6）



Propagations from CARS and Traffic Lights

Traffic Lights（28GHz）

Cars（28GHz）

Ytaffic Lights（4GHz）

Cars（4GHz）



DSSS-PDMA scheme for Satellite Communications

DSSS-PDMA Scheme



Mobile Satellite Communication for
Platooning Cars


