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1. Introduction 
 

The demand for cell Wi-Fi communications due to the 

recognition of clever telephones and gadgets that have net 

based totally purposes has witnessed fast increase in the 

closing decade. The subsequent technology community is 

predicted to grant a higher fantastic of carrier and meet the 

needs of these rising wide variety of users. Since the 

spectrum accessible to us for carrying out all the Wi-Fi 

communications is a scarce asset, it is very essential to use 

the accessible spectrum efficiently.  

 

According to a study, greater than 70% of the accessible 

spectrum is now not being utilized efficiently. The accessible 

frequency bands can be labeled into two important classes: 

Licensed bands and unlicensed frequency bands. Licensed 

bands are the ones for which the consumer can pay a 

licensing charge and the rights of the spectrum are solely 

granted to that user. This licensed consumer is the 

fundamental consumer of the spectrum and it is ensured that 

no interference is triggered to it via any different Wi-Fi 

entity. There are sure bands that have no licensing rate and 

are used for carrying out low price communications, for e. g., 

Wi-Fi for non - public homes, etc. These bands are 

susceptible to interference from a couple of customers 

competing for bandwidth in the unlicensed band.  

 

According to reports, it has been located that the annual 

enlarge in cell facts consumption is about 57%. Hence we 

see that with boom quotes that high, there are a range of 

treatments which are imperative however environment 

friendly utilization of the present spectrum is the most vital 

issue of it. Spectrum sharing is a key function to meet these 

excessive visitors’ needs and supply a higher fine of provider 

to the customers as each the no. of customers and the 

quantity of bandwidth fed on by way of them is growing via 

a very massive magnitude [1]. What is spectrum sharing? It 

is the simultaneous use or a cooperative use of a constant 

radio frequency useful resource with the aid of a range of 

unbiased entities mendacity in a unique geographical area. 

The unbiased entities concerned consist of the licensed 

person or the fundamental person (in case of licensed band) 

and the secondary user. Therefore there is an get admission 

to the licensed spectrum on a secondary foundation by using 

the secondary customers with the most important customers 

holding the precedence over their spectrum. Spectrum 

sharing can manifest each in the licensed as properly as the 

unlicensed band.  

 

 
Figure 1: Overall Organization of Our Survey on Spectrum Sharing 
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Dynamic spectrum get entry to is a synonym for cognitive 

radio or instead an utility of cognitive radio. The number 

dynamic spectrum get admission to techniques can be greatly 

categorized as: Dynamic Exclusive Use Model, Open 

sharing Model (Spectrum Commons Model) and 

Hierarchical Access Model [2]. The Dynamic Exclusive Use 

Model offers the primary framework of the existing 

spectrum rules policy. It can provide different use of the 

licensed spectrum to the licensed customers for increasing 

the flexibility and enhancing the spectral effectively of the 

network. The two fundamental techniques underneath this 

mannequin are: Spectrum property rights [3], [4] and 

dynamic spectrum allocation [5]. The former consists of 

buying and selling or promoting and leasing of the spectrum 

by means of the licensed users. The later method 

dynamically assigns the spectrum to the secondary 

customers primarily based on their spatial location, site 

visitors load etc. The Open Sharing Model or Spectrum 

Commons Model entails open sharing of the spectrum 

amongst the customers in spectral vicinity [6], [7]. The 

Hierarchical get admission to model, entails a hierarchical 

get right of entry to for the licensed and the unlicensed user. 

It essentially entails two approaches: Spectrum Underlay and 

Spectrum Overlay. In the former the emphasis is on the 

transmission strength of the secondary person so as to 

purpose least or no interference to the foremost user. In the 

later strategy the restrictions are laid on the spatial and 

temporal transmission by using the secondary consumer i. e. 

when and the place they transmit.  

 

Detection and utilization of the spectrum white areas is an 

vital element of Dynamic Spectrum Access (DSA) for 

environment friendly utilization of the spectrum and 

fulfillment of the bandwidth shortage. White areas are 

described as the unused and the underutilized frequency 

spectrum spaces. These white areas can be exploited with the 

aid of using a appropriate DSA approach [30]. Based on the 

present day traits the white areas can be labeled into three 

paradigms which are the underlay, overlay and interweave 

paradigms. Underlay paradigm: In the underlay paradigm the 

secondary customers transmit on the licensed bands 

preserving their transmit power low as to cause least 

interference  

 

2. Existing Spectrum Sharing Scenario - 

Issues, Challenges and Related Work 
 

Efficient spectrum utilization is one of the top focal point of 

the future era Wi-Fi networks; however there are sure 

problems that exist in the current verbal exchange machine 

related to spectrum use [8]: 

 

 Spectrum Scarcity: The existing technique of spectrum 

allocation allocates a new spectrum block to each and 

every new consumer that comes online. Since the 

accessible spectrum is a finite resource, it will become 

hard to serve each new carrier with such a approach of 

spectrum allocation.  

 Centralized and Static Allocation: The centralized and 

static allocation of spectrum with no dynamic reuse leads 

to spectrum scarcity and underutilization of the current 

spectrum.  

 Difficulty in Deployment: The rising quantity of 

customers additionally led to an exponential upward 

thrust in the dimension and complexity of the Wi-Fi 

network, due to which the time for deployment in the 

community will become lengthy main to challenge in the 

deployment.  

 Spectrum sharing for future Wi-Fi networks will be an 

extension of the modern cognitive radio based totally 

spectrum sharing [10], however there will be some extra 

elements such as:  

 Heterogeneous spectrum sharing bands: Spectrum 

sharing in the future era of Wi-Fi community is most 

probably to appear each in the licensed (e. g., 2.3 - 2.4 

GHz band in Europe and 3.55 - 3.65 GHz band in USA) 

as nicely as the unlicensed band (e. g., T. V white space, 

ISM band).  

 Wide diversification in Spectrum Sharing: In the future 

spectrum sharing machine licensed access, unlicensed get 

right of entry to of the spectrum, opportunistic get entry 

to (involving essential and secondary system) all of them 

will exist simultaneously.  

 Increasing brain in devices: The extend in the 

programmable and computational functionality of the 

machine alongside with enlarge in the storage etc. will 

increase the stage of brain in devices. Efficient spectrum 

sharing for future networks ought to be designed viewing 

these rising tiers of intelligence.  

 Ultra - densification in Sharing networks: As the range of 

lively customers are increasing, there is a corresponding 

extend in the range of base stations, relays etc. in the 

network. So the spectrum sharing strategies should be 

designed maintaining in view the existence of picocells, 

femtocells, small cells, etc. concurrently in the network.  

 

Spectrum sharing has been surveyed in a number works 

introduced in the literature. Different surveys for CRN’s, 

Opportunistic spectrum get admission to (OSA) and DSA 

exist. The present works primarily talk about the more than a 

few coordination protocols and techniques of spectrum 

sharing. Spectrum allocation techniques get right of entry to 

and project methods are additionally surveyed in the 

literature. In [11], centralized and disbursed DSA have been 

surveyed. Different spectrum sharing situations for 

centralized schemes have been introduced alongside with 

OSA sharing techniques. Some challenges are additionally 

supplied alongside with a assessment between the two 

approaches. In [12], [13], an exhaustive survey of a number 

challenges at some point of spectrum challenge and selection 

is given alongside with factors such as spectrum 

characterization process, spectrum selection, reconfiguration 

etc. In [14], number strategies for spectrum detection are 

current such as spectrum sensing primarily based on 

geolocation database, beacon etc. In [15], a evaluate on a 

variety of aid allocation strategies for CRN’s is given such 

as, transmission energy based, centralized and disbursed etc. 

The mathematical evaluation for every of the methods is 

additionally given. In [16], the author’s current the cognitive 

radio strategies as utility in clever grid. Various architectures 

of CRN’s, spectrum sensing, routing protocols have been 

integrated for clever grids. In [17], a large vary of the 

spectrum sharing schemes has been given alongside with 

their comparison. Fig.1 gives a define of our basic survey 

performed on spectrum sharing. 
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Figure 2: Overall Organization of Our Survey on Spectrum Sharing 

 

 
Figure 3: General Architecture for Spectrum Sharing. 

 

Table I: Power Optimization Techniques in Spectrum Sharing. 

S. No Reference 
Power Optimization 

Technique 
Objective Observations 

1. [20] 

Convex Optimization 

techniques. Eg: KKT 

method. 

Convex optimization strategies such as KKT 

assist in sturdy optimizations and are used to 

maximize the carried out potential of the 

secondary gadget when spectrum is being shared 

the use of the identical transmit power. 

Power consumption is significantly diminished 

as it is an most beneficial strength and useful 

resource allocation method thereby enhancing 

spectrum efficiency. 

2. [21], [22] 
Interior point method 

or Barrier method 

Interior factor technique is a classification of 

algorithms for fixing linear and nonlinear convex 

optimization issues and correctly helps in 

enhancing aid allocation. 

Power optimization of the gadget with its 

decreased computational complexity, therefore 

enhancing the typical overall performance with 

expanded efficiency. 
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3. [23], [24] 
Water - filling 

Algorithm 

Technique for allocating most excellent energy 

amongst one of a kind channels in multicarrier 

schemes, with greater energy to channels with 

most favorable SNR. 

At the identical transmit power, every channel 

in a multicarrier gadget is allotted an most 

efficient cost of energy with decreased ISI for 

this reason maximizing the executed ability and 

overall performance of the system. 

4. 
[25], [26], 

[27] 

Beamformig 

Techniques 

It is a approach for Simultaneous Wireless data 

and Power Transfer (SWIPT) for improved 

electricity effectively in a Wi-Fi system. 

The requirement for transmission energy is 

decreased as electricity is transferred the use of 

directive beams barring degrading the first - 

class of provider as a result helping excessive 

pace facts offerings to a massive no. of 

customers over the accessible spectrum 

 

Table I: summarizes all the above resource allocation 

techniques for optimizing the power during spectrum 

sharing.  

 

3. Security Attacks in Spectrum Sharing 
 

As we understand that with the growing price of increase in 

the Wi-Fi verbal exchange technology, the cell units having 

web based totally purposes are growing by means of a very 

massive magnitude and are amongst the pinnacle degree 

electricity consumption units [28]. Due to the developing 

information fee requirements and the shift in the technology 

of community from 3G to 4G and now in the direction of the 

subsequent era networks i. e.5G, the strength consumption 

has extended to massive manifolds. Thus the optimization of 

electricity and consumption of strength for the duration of 

spectrum sharing is a key thing that wishes to be undertaken 

for growing the spectrum effectively and the ordinary 

strength effectively of a system. The growing strength 

consumption is turning into a issue as the net based totally 

units additionally emit hazardous radiations that disturb the 

ordinary ecological stability of the local weather which 

required the want to shift closer to ‘Green Communication’ 

[28]. 

 

In the latest instances lookup is carried out on techniques 

such as optimizing the mobile measurement to extend the 

power effectively of a gadget [30]. Spectrum harvesting is 

viewed as one of the options for transferring toward 

inexperienced conversation by way of the usage of 

renewable power sources for presenting electricity and 

strength to the base stations and different excessive power 

consumption devices. Various different skill such as relaying 

are additionally being researched for enhancing the 

consumption of electricity and lowering the deployment of 

giant variety of base stations with the excessive fee 

associated. Relaying is an environment friendly method that 

can be used for the duration of spectrum sharing, known as 

spectrum relaying. The subsequent era networks have 

viewed relaying as an necessary element of enhancing the 

strength effectively (EE) and lowering the losses between the 

supply and receiver.  

 

In a spectrum sharing scenario, as we have viewed above, 

the secondary customers have an get admission to to the 

licensed frequency bands of the predominant solely 

opportunistically. When the main hyperlink between the PT 

and PR is weak, it is then when the ST can intervene into the 

network, to assist the PR gather its goal facts rate. As a 

reward the ST then has the chance for transmitting its 

personal records to the SR with the last transmit strength left 

after supporting the important gadget [31 - 32]. As the facts 

are broadcasted in a Wi-Fi environment, it is very vital to 

make the records transmissions secure. Some protection 

threats that have an effect on the spectrum sharing state of 

affairs have been reviewed in [33]. To attain this, bodily 

layer safety is utilized in the Wi-Fi channel [34]. Various 

fashions have been given the place the bodily traits of the 

channel are exploited for bodily layer safety in a community 

[35]. In ‘The wire - tap channel’ by means of Wyner it has 

been proven that the protection of the statistics is maintained 

if the essential channel is of greater great than the wiretap 

channel [36]. The quantity of tightly closed records that can 

be transmitted to the meant person is given via the secrecy 

capability of the channel. Various optimization techniques 

exist for maximizing the done secondary price with admire 

to a whole transmit energy constraint. For e. g.: Jamming 

indicators [36] are additionally utilized in which Wi-Fi nodes 

such as relay nodes are utilized for growing synthetic 

interference in the eavesdropper’s channel so that the 

fantastic of its channel is decreased and the workable secrecy 

fee (ASR) is maximized. In [37] bodily layer safety is 

defined the use of sport principle.  

 

Device to machine verbal exchange has attained widespread 

interest currently due to its potential to extend the nearby 

offerings. It is turning into regularly extra and greater of 

activity especially due to the fact of the wish to enlarge the 

spectral efficiency, in different phrases to reuse frequencies 

inside a telephone that in any other case couldn’t be reused. 

It makes important use of distance, variants in distance 

dependencies, whether or not two humans are shut ample to 

one every other so that they can really reuse the equal 

frequencies that ought to be used in a cell manner. Various 

spectrum sharing schemes can be used to beautify spectral 

effectively in machine to gadget communications such as Co 

- primary spectrum sharing for inter - operator machine to 

machine conversation]. There are more than a few 

algorithms that have been introduced for gadget to machine 

spectrum allocation in [38], [39]. In a range of works energy 

allocation is studied for the system to machine verbal 

exchange hyperlinks and the cell hyperlinks for maximizing 

the throughput and enhancing spectrum sharing. So one 

hassle it without delay motives is that of interference, in 

different phrases the downlink or the uplink frequencies have 

the identical problem. To keep away from this interference 

trouble a range of architectures, algorithms have been given 

[40 - 41]. Ultimately the uplink frequencies are used for d2d 

due to the fact the downlink frequencies are a lot extra 

congested, mainly for an software like video which is very 

bandwidth commanding. If we use the downlink frequency 

the d2d receiver receives interference from the base station 

and the cell transmitter receives interference from the d2d 

transmitter. Centralized and allotted channel allocation and 
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energy allocation schemes have been proposed to modify the 

interference brought about by means of d2d transmission to 

cell customers [42].  

 

In the centralized interference coordination scheme the BS 

acts as a central unit and obtains the world CSI. The useful 

resource allocation in the centralized scheme is 

accomplished through the convex optimization technique to 

enhance the device performance. In the decentralized scheme 

the device is proposed as a Stackelberg game. In this sport 

the BS is viewed as the most important unit and it decides 

the rate of per unit interference prompted on every sub 

channel to maximize its profit. The d2d pairs compete in a 

non - cooperative Nash recreation for maximizing their man 

or woman records fees relying on the set fees by using BS. 

Variational inequality (VI) is used as the adequate 

circumstance for discovering the Nash equilibrium (NE). 

Then a disbursed iterative scheme is used to locate the 

special NE. So the disbursed useful resource allocation 

scheme is performed by using combining the dispensed 

iterative scheme and the pricing mechanism at the BS. If we 

examine the centralized and the allotted scheme for 

electricity and useful resource allocation it is discovered that 

disbursed scheme is greater nice [43]. Several elements are 

accountable for this: 

 

a) The centralized scheme is complicated in evaluation to 

the decentralized as the CSI required is a good deal 

greater and is challenging to obtain.  

b) The centralized scheme additionally requires the 

interference CSI inside the d2d pairs and interference 

CSI between the CUs and the d2d receivers, which is 

once more complicated to obtain.  

c) For the decentralized scheme it is no longer tough to 

attain the CSI between the d2d transmitter and receiver.  

d) The dispensed scheme protects the CUs with confined 

signaling overhead.  

e) With the growing variety of d2d pairs in a system, the 

spectrum effectively completed for the allotted scheme 

is greater than that acquired in the centralized.  

 

Hence the decentralized scheme for d2d communications has 

a viable for sensible sketch implementation. So D2D 

conversation is high quality as shut proximity of the units 

speaking leads to decrease power, low latency and probably 

greater rates. The radio aid is reused which finally leads to 

multiplied spectrum effectively.  

 

4. Conclusion 
 

This paper gives an extensive survey of the spectrum sharing 

scenario. The paper discusses the quite a number sorts and 

strategies of spectrum sharing schemes in exceptional 

scenarios, primarily based on which a common structure for 

spectrum sharing has been presented. The number sensing 

schemes have been mentioned in the paper alongside with a 

technique for community choice and channel allocation to a 

secondary user. For optimizing the electricity in spectrum 

sharing we include a number strength environment friendly 

methods such as Massive a couple of enter a couple of 

output, SWIPT, spectrum harvesting, spectrum relaying etc. 

for enhancing the spectrum effectively and ordinary 

throughput of the system. The number of aid allocation 

methods has additionally been mentioned in the paper.  
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