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Optimal adaptive beamforming and joint transmission for millimeter wave

under high—speed railway

HUANG Gaoyong, ZHENG Tian, FANG Xuming’
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Abstract: The throughput of high—-speed railway train—ground mobile communication system is not
only limited by spectrum, but also limited by high mobility, which has become an important bottleneck
restricting the development of intelligent high—speed railway. An effective way to improve the system
throughput is to use millimeter wave band with wide continuous spectrum and large—scale Multiple—
Input Multiple=Output(MIMO) and multi—-beamforming technology. However, the multi-beam streams
with fixed beam width will result in serious inter—beam interference when the train is running at high
speed. An adaptive beamforming and joint transmission scheme based on optimal beam width is proposed
in this paper. When the train is close to the Base Station(BS), all beams are activated to realize spatial
multiplexing thereafter to improve system capacity and transmission reliability. When the train is far
away from the BS, in order to avoid serious interference between beams, more antenna array elements are
utilized to form fewer beams to obtain greater beam gain, and beams of the adjacent BS are cooperated to
transmit to improve the throughput of the system. Simulation results show that the performance of the
proposed scheme is significantly better than that of the existing beamforming and traditional adaptive
selection schemes.
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Table1 Adaptive multi-beam selection algorithm based on optimal mean square and beam width

1) initialization:
No=1 y={1,2,-- Ny}, y=D,N;=1024,0,, G},
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2) select active receive beam index:
while n<N, do
n=n+1
fori e y do
By =7+1i}

calculate the total throughput of the active beam subset(B,,,,):
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power allocation using water injection algorithm:

B, =argmax C,

opt

if maxC,,,<C, do

opt i temp

opt.i

the end of the algorithm, the activated beam subset is y
else do
w=y—{By}.
7=7+{Boy}s
C[Cmp =max COPL,
end if
end for
end while
3) reassign the number of active antennas:
a) if y#{L2-.N;} do
reassign the number of N;= N, /length{y} antennas to beamset y, substitute N; into equations (4) and (5) to calculate the beam width 6’ and beam gain G.
b) recalculate the channel vector, antenna guidance vector and weight vector of each receiving end according to equations (6), (7) and (8).

¢) optimal throughput after antenna allocation and narrowing beam gain:
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4) output: optimal beam subset y, maximum subset throughput C‘ﬂﬂ
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Table2 System simulation parameters

simulation parameters

value

5G BS total transmission power/dBm
carrier frequency/GHz

bandwidth/GHz

number of transmitting antennas
normalized antenna spacing
cell radius/m

d . /m

length of train L, /m

BS height/m

vehicle antenna height/m
noise power/(dBm/Hz)

number of MRs

46
28

1024
0.54
600

30
200
30
2.5
-174
8
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