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Abstract— Mobile traffic is projected to increase 1000 times 

from 2010 to 2020. This poses significant challenges on the 

5th generation (5G) wireless communication system design, 

including network structure, air interface, key transmission 

schemes, multiple access, and duplex schemes. In this paper, 

full duplex networking issues are discussed, aiming to 

provide some insights on the design and possible future 

deployment for 5G. Particularly, the interference scenarios in 

full duplex are analyzed, followed by discussions on several 

candidate interference mitigation approaches, interference 

proof frame structures, transceiver structures for channel 

reciprocity recovery, and super full duplex base station 

where each sector operates in time division duplex (TDD) 

mode. The extension of TDD and frequency division duplex 

(FDD) to full duplex is also examined. It is anticipated that 

with future standardization and deployment of full duplex 

systems, TDD and FDD will be harmoniously integrated, 

supporting all the existing half duplex mobile phones 

efficiently, and leading to a substantially enhanced 5G 

system performance. In this research work a brief summary 

of 5GT communication system is proposed and alongside it 

various models developed for the analysis of 5G 

communication system will be studied alongside their 

advantages and disadvantages will be reviewed. 
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I. INTRODUCTION 

Studies on 5G are gaining more momentum worldwide, in 

an attempt to provide solutions to the exponential increase 

of mobile data traffic by 2020. Though 5G is in its 

embryonic stage, there have appeared some trends in how to 

design 5G network, e.g. to make it green and soft, as 

proposed by China Mobile [1]. Multiple research topics 

have been identified as 5G candidates, including large-scale 

antenna systems (LSAS), non-orthogonal multiple access 

(NOMA), new waveform design, advanced coding and 

modulation, full duplex, spectrum sharing, high-frequency 

bands (e.g. mm Wave and visible light), high-density 

networks, new network architecture, etc. These technologies 

may have great potential in system performance 

improvement for 5G. Out of these potential technologies for 

5G, full duplex wireless system has drawn much attention 

since it can maximally achieve doubled spectral efficiency 

by transmitting and receiving signals at the same time and 

frequency. Multiple research groups have demonstrated the 

feasibility of short range full duplex wireless connection in 

either a relay or single access point scenario [2]–[6]. A full 

duplex design combined with MIMO was implemented with 

better performance than conventional MIMO with the same 

number of Tx/Rx chains  but doubled antenna number [4]. A 

time-domain transmit beam forming method for self-

interference cancelation was proposed for MIMO full 

duplex systems [5].  

When the antenna array goes to massive, the 

combination of massive MIMO and full-duplex was 

discussed in [6], where new self-interference suppression 

schemes were proposed to leverage the excessive degrees of 

freedom in massive MIMO systems. With an attempt to 

achieve full duplex with only a single antenna, a full duplex 

implementation using a common carrier was presented in 

[7], with over 40 dB signal isolation between the transmitter 

and receiver and only a 0.75dB insertion loss for the 

transmitter-to-antenna and antenna-to-receiver paths. 

Additionally, an experimental and simulation based study 

evaluating the use of full duplex as a special mode in 

practical IEEE 802.11 networks was presented in [8], where 

the full duplex physical layer was designed with a MAC 

protocol backward compatible with current IEEE 802.11 

systems. The significant potential advantages of full duplex 

in the cloud radio access network (C-RAN) [9] architecture 

with sufficient front-haul capacity and appropriate 

scheduling was analyzed in [10]. Moreover, a 

comprehensive survey and analysis of system scenarios and 

technical requirements for full duplex was presented in [11]. 

Quite recently, full duplex networking issues have also been 

investigated when full duplex is considered in a wireless 

network. An interesting interference management strategy 

was proposed in [12] to handle the inter-cell interference to 

achieve gains in data rates over half duplex systems. 

However, it assumed that all base stations (BSs) in the 

network have instantaneous access to global channel state 

information. Extensive system level simulations were 

carried out in [13] to evaluate the throughput of full duplex 

cellular systems, where a sub-optimal resource allocation 

scheme was considered. The results showed that full duplex 

could significantly increase the aggregate throughput of 

current cellular systems in both downlink (DL) and uplink 

(UL). However, these analysis and simulations may be 

overoptimistic, since full availability of the channel state 

information and perfect interference mitigation are assumed. 

In practical system deployment, the severe inter cell and 

intra-cell interferences due to simultaneous transmission and 

reception in each cell makes the deployment of full duplex 

networks almost a mission impossible. For example, the 

DL/UL channel measurement and estimation may not be 

easily achieved due to mutual interferences from both the 

same cell and adjacent cells. In addition, proper scheduling 

of DL and UL users requires the inter-user channel 

information, which also may incur high complexity and 

heavy signaling overhead. 
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II. BANDWIDTH AND LICENSING IN THE E-BAND 

The International Telecommunication Union (ITU) has 

allocated the 71–76 and 81–86 GHz bands for establishing 

wireless links throughout the world. Nevertheless, the 

channelization and regulations regarding the use of this 

spectrum differ in different regions and countries. 

A. United States 

In the United States, the entire 10 GHz of bandwidth in the 

71–76 and 81–86 GHz bands is available for utilization 

without any specific sub-channelization. This approach 

provides a great potential for deployment of very high speed 

frequency division duplex (FDD) wireless links. In addition, 

the Federal Communications Commission (FCC) set the 

effective isotropic radiated power (EIRP), the maximum 

transmit power, the minimum antenna gain, and the 

maximum out of band emissions for E-band systems to 

55dBW, 35dBm, 43dBi, and −13dBm, respectively. More 

importantly, due to the very high carrier frequencies and the 

requirement of high antenna directivity, wireless links in the 

E-band can be deployed in close vicinity of one another with 

limited interference. Therefore, the FCC has adopted a 

unique licensing approach for spectrum allocation in the E-

band, where the links can be quickly and economically 

registered over the Internet.  

B. Europe 

In Europe, the Conference of European Postal and 

Telecommunications has taken a different approach and has 

divided the 10 GHz of spectrum in the 70/80 GHz bands 

into 250 MHz channels with a guard band of 125 MHz at 

the top and bottom end of each band. Thus, each 5 GHz 

band consists of 19 channels that can be used for both FDD 

and time division duplex operation. Moreover, the 

regulations in the E-band in Europe are more stringent than 

the FCC rules. Specifically, in Europe the EIRP, the 

maximum transmit power, the minimum antenna gain, and 

the maximum out of band emissions are set to 55 dBW, 30 

dBm, 38 dBi, and −30 dBm, respectively, where the EIRP 

and the maximum transmit power are also functions of the 

antenna gain and are expected to be lowered as the antenna 

gain increases.  

C. Asia 

The 70/80 GHz bands are under consideration for licensing 

in Japan, China, and most other Asian countries and are not 

yet available for commercial use.  

III. CHANNEL AND PHASE NOISE MODELS FOR THE E-BAND 

Accurate channel and oscillator phase noise models for the 

E-band spectrum are essential for link budget planning and 

accurate tracking of phase noise in E-band systems. Both of 

these improvements are expected to enhance the bandwidth 

efficiency of E-band systems in the near future [7]. Thus, in 

this section, we examine the accuracy of the existing models 

for both phenomena in the E-band 

A. ITU–R Model 

The ITU indoor propagation model, also known as ITU 

model for indoor attenuation, is a radio propagation 

model that estimates the path loss inside a room or a closed 

area inside a building delimited by walls of any form. 

Suitable for appliances designed for indoor use, this model 

approximates the total path loss an indoor link may 

experience. 

The ITU indoor path loss model is formally 

expressed as: 

L = 20 log f + N log d + Pf(n) -28 

Where 

L = the total path loss. Unit: decibel (dB). 

f = Frequency of transmission. Unit: mega hertz(MHz). 

d = Distance. Unit: meter (m). 

N = the distance power loss coefficient. 

n = Number of floors between the transmitter and receiver. 

Pf(n) = the floor loss penetration factor. 

1) Calculation of distance power loss coefficient 

The distance power loss coefficient, N is the quantity that 

expresses the loss of signal power with distance. This 

coefficient is an empirical one. Some values are provided in 

Table 1.[1] 

Frequency 

Band 
Residential Area 

Office 

Area 

Commercial 

Area 

900 MHz N/A 33 20 

1.2 GHz N/A 32 22 

1.3 GHz N/A 32 22 

1.8 GHz 28 30 22 

4 GHz N/A 28 22 

5.2 GHz 
30 (apartment), 

28 (house) 
31 N/A 

5.8 GHz N/A 24 N/A 

60 GHz N/A 22 17 

Table 1: Calculation of distance power loss coefficient 

2) Calculation of floor penetration loss factor 

The floor penetration loss factor is an empirical constant 

dependent on the number of floors the waves need to 

penetrate. Some values are tabulated in Table 2.[1] 

Frequency 

Band 

Number 

of Floors 

Resid

ential 

Area 

Office 

Area 

Commercial 

Area 

900 MHz 1 N/A 9 N/A 

900 MHz 2 N/A 19 N/A 

900 MHz 3 N/A 24 N/A 

1.8 GHz n 4n 
15+4 

(n-1) 
6 + 3(n-1) 

2.0 GHz n 4n 
15+4 

(n-1) 
6 + 3(n-1) 

5.2 GHz 1 N/A 16 N/A 

5.8 GHz 1 N/A 

22 (1 

floor), 

28 (2 

floors) 

N/A 

Table 2: Calculation of floor penetration loss factor 

The output voltage from radiometer is recorded for 

calculating the attenuation. This voltage is converted into 

equivalent sky noise temperature (Tsky) using calibration 

table. The relation between attenuation and sky noise temp 

is 

Tsky = (Tc / At) + (1 − 1/ At)*Tmed  (1) 

Where, 

Tc = Cosmic background temperature, 

At = Attenuation in dB, 

Tmed = Medium Temperature 

https://en.wikipedia.org/wiki/ITU
https://en.wikipedia.org/wiki/Radio_propagation_model
https://en.wikipedia.org/wiki/Radio_propagation_model
https://en.wikipedia.org/wiki/Path_loss
https://en.wikipedia.org/wiki/Path_loss
https://en.wikipedia.org/wiki/Decibel
https://en.wikipedia.org/wiki/Frequency
https://en.wikipedia.org/wiki/Megahertz
https://en.wikipedia.org/wiki/ITU_model_for_indoor_attenuation#cite_note-ITU_2-1
https://en.wikipedia.org/wiki/ITU_model_for_indoor_attenuation#cite_note-ITU_2-1
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The vertical path attenuation due to rain is 

estimated by subtracting clear sky attenuation (free space) 

from excess attenuation (rainy medium) due to rain. The 

slant path attenuation can be calculated using the rain height 

(He). The rain rate remains invariant with rain height is 

assumed. The rain height HG can be calculated as:  

H G = (AH /α) km   (2) 

Where AH is the total zenith attenuation and α is 

the specific attenuation 

B. Crane Global Rain Attenuation Model 

The “Crane” models, after Robert K. Crane, are popular for 

satellite earth links but also have terrestrial models. The 

Global Crane model, developed in 1980, is rigorously 

treated in [54]. The theoretical prediction model, based on 

the    ܽ
 ܽ  rain attenuation model, can be summarized by the 

following equations. In these Equations, the rain attenuation 

in dB, R is the point rain rate in mm/hr, and d is the distance 

in km. Constants ‘a’ and ‘b’ are rain attenuation coefficients 

that are functions of frequency and polarization and are 

tabulated in [59].   

 

 

C. E-band Systems in Heterogeneous Networks 

To meet the surge in the number of users and each user’s 

throughput requirements, cellular providers have resorted to 

increasing the number and density of macro cell base 

stations (BSs). However, as these throughput demands 

continue to grow, large BSs cannot effectively meet users’ 

needs in different settings, e.g., in indoor environments and 

at the cell edges [15]. Moreover, macro cells BSs are 

expensive to deploy and maintain. Thus, next generation 

cellular networks are expected to adopt the Het Net 

paradigm, where smaller and more specialized cells are 

deployed by the operators, e.g., pico cells in urban areas and 

femto cells in indoor environments [15].  

Furthermore, to mitigate interference, achieve 

smooth hand-offs from tier to tier, and enable cooperation 

amongst different tiers, fast backhaul links are of paramount 

importance. Since pico cells and femto cells have smaller 

coverage areas, they can be deployed more densely 

throughout a cellular network. Moreover, E-band systems 

are capable of establishing multi-bps wireless links over 

short distances. Thus, they are well suited for establishing 

backhaul links amongst different tiers within a cell. Due to 

the high atmospheric absorption and the use of highly 

directional antennas, they can do so without causing 

significant interference.  

There are, however, some challenges that need to 

be addressed. Most femto cells are expected to be deployed 

in indoor environments. Since E-band radio signals do not 

penetrate obstacles and buildings very well, E-band 

backhaul links may require the application of strategically 

positioned relays throughout the network to establish 

reliable connectivity between femto cell and macro cell BSs. 

Another challenging issue, is the high development cost of 

E-band transceivers. This is especially important for the 

development of next generation Het Nets, since femto cell 

and pico cell BSs are expected to be relatively inexpensive 

to manufacture. Nevertheless, recent research in the field of 

semiconductor design and fabrication, e.g., Silicon-

Germanium and Gallium-Nitride, is expected to reduce the 

manufacturing costs of E-band systems and facilitate their 

adoption [4]. 

IV. CONCLUSION 

In this paper, several key design issues for full duplex 

networks were investigated, with potential solutions 

proposed. Firstly, the interference situation was analyzed 

and potential interference mitigation techniques were 

discussed. Considerations in frame structure design were 

then explained, aiming to provide efficient means to 

minimize the complicated interferences in full duplex 

networks. One special issue of high practical importance is 

that in full duplex systems, different DL and UL antennas 

will invalidate the DL and UL channel reciprocity available 

in TDD system. Innovative transceiver structure was then 

devised to recover the channel reciprocity by switching 

Tx/Rx antennas for each transceiver. The concept of SFDBS 

was further proposed, where the potential benefits promised 

by full duplex can be conveniently achieved via TDD 

operation in each sector, which significantly reduces the 

inter cell and intra-cell interferences in full duplex networks. 

The extension of traditional TDD and FDD systems to full 

duplex was finally addressed. Conceptually, full duplex 

systems can efficiently support current half duplex mobile 

users, removing the clear distinction between TDD and 

FDD. With more full duplex products (e.g. point to point 

wireless backhaul/front haul systems) available in the 

market, and with growing research interests and efforts, full 

duplex may possibly become one of the key technologies for 

5G. Full duplex network, which is potentially capable of 

capacity enhancement, latency reduction and flexible 

DL/UL resource allocation and scheduling, can be feasible 

in the future. 
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