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Abstract: Recent rapid developments in 4G wireless communication have been motivated by breakthroughs in air interface 
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summarize technical challenges ranging from propagation attenuation and the implementation of circuit devices, to signal 
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1  Introduction
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2009, the 4G wireless communication industry has 
been on the verge of remarkable developments. 
`����
 ���
 ��������	�
 ��������	���
 ��
 ����

Release 12 features, which represent 4G+ systems[1], 
seems premature at present, a revolution in wireless 
network technology is on the horizon[2], due to 
enhancements in future releases as well as the wide 
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capacity, facilitate connections for at least 100 billion 
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capable of extremely low latency and response 
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due to wide signal bandwidths of up to several GHz, 
the focus on antenna beam, and excellent direction 
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provides high data rate given rapid mobility.
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interface technology. There are a number of candidates 
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To bridge this gap, a combination of a wider 
spectrum, higher spectral efficiency, and decuples 
of higher network density is necessary. However, 
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is a higher probability of collision with particles in 
the air than bypassing them, attenuation is higher. 
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should be reconstructed using a large amount of 
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has limited output power and linearity, whereas the 
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has bandwidth that is scores of times wider than 4G 
as well as a higher scale of antenna array, data rate is 
higher and the computational burden due to digital 
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combined, the system’s algorithms need to exploit the 
advantages of both. All the above problems need to 
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example.

2  Propagation attenuation

2.1  Comparison of wireless channel between 
HF and sub-6G
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approximate to that in free space. Along the NLoS 
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standard deviation is relatively small and the shadow 
area is large, such that the classification of the 
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relatively large and the shadow area small, such that 
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outdoor microcell scenario.
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as an example, we show the link budget curves in 
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increases for the sparse property.
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channel clusters and a smaller spread of a single 
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circumstance and distribution of scatterers. The 
channel clusters show a stronger mapping to the 
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2.2  Requirements of channel measurement 
and modeling
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the diversity of the antenna configuration, the 
performance of the transmission technology system, 
	�
�����
������{����
"����Q���
 ���
�{������
��

��	��
�������Q���
�
���
�������	�
���	�
������

be tested by implementing the antenna model with 
��������
������	�����

%#
\�_��������
��
��	��
�������
���
 ��������
 |?
 ��	��
 ��	�����
 ������
 ��


���������
���
��	��
��������
© 
��	��	�
����������
���
��������
Q	��	��
�


the channel due to the mobility of users
© 
"	���Q�
	��	
	��	��
��	��	�
Q	��	��
��
 ���


��	��
����
*@�
%@�
��
�Q�
�@
�	������	��

antenna arrays

© 
�������	�
 �	Q�
 ��	���
 ���	���
 ��
 ���

scatterer, and an extended statistical model of 
the scatterer’s distribution
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multiple coexisting channels due to the rapid 
increase in the number of mobile users and 
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this channel under different scenarios.
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3  Implementation of circuit devices
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3.1  High-frequency antennas
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the problem of electromagnetic compatibility. 
As a result, the homogeneity of the antenna 
pattern deteriorates. 
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which results in insertion loss. Therefore, it is 
a key technology to design an interconnection 
approach with low insertion loss.
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3.2  The fabrication of high-frequency RFIC
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to its high electron mobility, high breakdown voltage, 
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SOI needs to be further researched and explored in 

the future.

3.3  Integration of antenna array and RF 
module
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high and the maturity is unsatisfactory. Although 
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3.4  Challenges arising from large bandwidth

The Shannon–Hartley theorem states that channel 
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be considered[11].
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of the system is comparable or even larger than that 
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degrades, the output power density per hertz of the 
system decreases as bandwidth widens, and the range 
of coverage shrinks.

4  Signal processing
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a constant modulus.

Analog beamforming has been proposed by 
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Since the analog process can significantly reduce 
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which are further digitally combined at the baseband 
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long way to its application.

4.2  RF channel calibration
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4.3  Coordination of low-frequency and high- 
frequency systems
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in the beamforming process is large. An alternative 
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predicted value of the next snapshot. This process, 
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on the extent to which overhead is acceptable and the 
extent of overlapping of coverage of both subsystems.

5  Conclusion and future research
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for both improving the system capacity and degrading 
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Therefore, the implementation of the forthcoming 
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loss, sparse recovery, and channel prediction.

References

�*�
 
\>���}�\
=�
��|}����
£�
"�\¡�}
��
��
	��
}���	�Q	���




Journal of Communications and Information Networks28

�����
\���*%#
���������
����������
�����
�	����\��
"����

=�����	���
�����*"=%�%�\����
ª
����	��
����	���	��

�%�
 
"=}}���>�
¡�
���
�	��
��
���
	�
����
�Q������
	�
��Q������

��'�>}��
�������������������������Q�������������*��&���®
wiseharbour.

���
 
���
=
���������
!������'�>}��
|�	���
�����
�	����
%�*��
�&�
 
���
���
=��
�����	��
	�
\	���
=�����
!����	���	�����'�>}��


|�	���
�����
�	����
%�*��
���
 
��
 �	Q�����
 ��������
 	�����
 �����_����\��
 �	
 @����
 �


<�	������
%�*��
�+�
 
@>=�
�
|�
�"="�
��
��¡��£=@
=
"�
��
	��
"�����������	Q�


�">�
������£��
����
����	�
��
��������	��
���������
%����
&��*#�

*&&�*���

���
 
��
��
!=}@����=\��=
=�
�=�=\=£=�
=�
��
	��
`��	�

scalable phased arrays for imaging and communications[J]. IEEE 
�������	����
�	�	����
%�*��
���&#�
*¤+�%�&�


���
 
¡="
@
��
}��
@�
�=�=\=£=�
=�
��
	��
���	��
�	� 	���
����

��������
��	����	��	�
	��	�
���
+���|�
��������
���������£��

IEEE transactions on components, packaging and manufacturing 
����������
%�**�
*�**#�
*��+�*�*&�

�¤�
 
�|=��
�
��
}��
@�
=��	�������
	�
	��	����	� 	��

��������
��
������
�����	���
������������	Q�
��Q����
���
��������

communications[J]. IEEE transactions on antennas and propagation, 
%��¤�
���*�#�
%����%�&*�

�*��
 
\=��=�>\�
�
��
"�\@>�¡
£
��
�����\\��
?�
��	��
��

���
	��
 �
+���|�
�����	���
��������
	�
�������
���
��������


�������	�����£��
����������
��
���
�����
%�**�
¤¤��#�
*�¤�¯
*&�+�

�**�
 
�>\���>
@�
|�\�
 �̀
����	������	�
�	���
����������
������	�

	�
��	������
	��	��£��
����
�������	����
�	�	����
%����

&*��#�
++��&�

�*%�
 
\=��=�
��
\=��=�>\�
�
��
�\¡��
��
"�����������	Q�
������	�

��������
����� ��
������	��
	�
��	�������£��
����������
��
���

�����
%�*&�
*�%��#�
�++�����

�*��
 
����
���%**	��
�	��
**�
 �̀������
}=�
"�����
=�����
������

�"=�#
	�
������	�
}	���
��|�#
�������	����
�
=������
��

Enhancements for Very High Throughput in the 60GHz band[S], 
International Standard, 2012.
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