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Abstract: —The spectrum distribution in some auctioned wireless facilities mainly rests upon the need and the tradition of 

approved primary users (PUs) of a confident band of frequencies. These frequencies are employed by the PUs as per their 

requirements and necessities. Once the distributed spectrum is not being employed in the complete effective way, the 

unemployed band is preserved by the PUs as white space without trusting much in the idea of spectrum shortage. There are 

techniques that numerous  researchers have developed and used, such the cognitive radio system, which makes use of a radio 

controlled by software and    adjustable antennas tuned to different frequencies at varying moments. The secondary 

users (SU) who would be waiting in line to use the unoccupied spectrum, also known as the white space, have needs that are  

realized by cognitive radio (CR) equipment. The CR techniques enhanced with various frequency distribution engines and 

techniques in various geographic locations while adhering to FCC and ITU supervisory requirements.The current CR 

technology embraces the intelligence in time schedule and knows the differences of both static and dynamic spectrum   

allocation by scheduling the SUs while the PUs are not using the spectrum and forcing   them to leave the band fast when the 

PUs pitch in. This work identifies a number of the research gaps reported in the earlier literature. Over a 90-day period in 

India, the properties of the PUs and SUs were investigated while being applied in a few particular spectrum areas. Different 

time zones ,the needs of the SUs, the necessity of the applications, static and dynamic spectrum usage, the development of the 

spectrum policy engine allied with cooperative and adaptive spectrum access, techniques utilizing artificial intelligence , and 

the development of the utility element of the entire spectrum have all been taken into account(AI).As a result, without being 

limited but established policies, the PU and SU channel mapping can be improved. For cognitive radio, we identify the 

transmitter and receiver parameters and apply them to a proposed channel adaption method. We also utilize a real time survey 

and a spectrum analyzer to examine the white spaces provided by the VHF,GSM-900 and GSM -100 spectrum bands. Using 

the Swotting algorithm, the detected variables and white spaces are mapped. Where such regulations can be activated in a 

policy server, a sample policy has been presented for the ISM 

band 2.4 GHz. The 5G CORE spectrum allocation feature is advised to be implemented over the policy engine. 
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1. Introduction  

A 5G wireless architecture aims to serve a variety of 
service modes, various delays, and stable needs. Several 
issues relating to real-time radio resource management are 
brought on by 5G broadband wireless communication. For 
instance, implementations of wireless infrastructure for 
latency and dependability are necessary for ultra-reliable 
communication. By making improved modifications to the 
current deterministic control and radio resource 
management models, it is possible to simulate an 
autonomous wireless connection with synchronous service 
given in real time. Cognitive spectrum sharing management 
needs proper coordination between spectrum management 
capability and software-defined radio properties, i.e., 
physical layer-supported modes of operation. Distributed 
artificial intelligence (DAI) is an approach that aims to 
overcome the limitations of classical artificial intelligence 
(AI) while addressing complex problems that need the 
distribution of intelligence across several entities. The three 
primary research areas of DAI are distributed problem 

solving, parallel AI, and multi-agent systems. AI and 5G 
mobile technology have the potential to considerably boost 
profit, originality, and dependability in many economic and 
societal sectors because they have the ability to produce 
previously imagined goods and services. Despite the fact 
that mainstream applications have not yet emerged, the 
integration of AI with 5G will have a huge impact on 
expanding sectors like agriculture, healthcare, and 
education. Even while many mobile operators are still 
making back their investments in legacy network 
technologies, interest in 5G networks is rapidly increasing. 
Due to increased spectral efficiency, 5G networks are able 
to transmit more data each second and per hertz of the 
spectrum than earlier generations of cellular networks. This 
is essential since spectrum has a finite quantity and is costly. 
In order to increase spectral efficiency, more simultaneous 
customers may be serviced at a reduced cost.  

As a result of advances in new technologies, the advent 
of artificial intelligence, and faster data rates, mechanization 
and machine-enabled choice will alter practically every 
aspect of daily life. This upcoming technological revolution 
is unquestionably being driven by 5G and AI. But since they 
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do not necessitate a technology advance, the vast majority 
of AI-based 5G use cases are not actually 5G use cases. Less 
latency will make apps come out that have reaction times of 
under a millisecond. Enhancing current use cases and 
creating new ones that aren't supported by current 
technology will undoubtedly be necessary for growing 
economies as they embark on the AI and 5G path. The faster 
data rates of 5G open up a plethora of new opportunities 
when combined with artificial intelligence (AI). 

 Some of them include the following: networks and 
services for mobile communications improvements. Service 
providers for mobile communications confront further 
difficulties. The establishment of 5G networks is 
substantially more challenging than in earlier generations 
due to the modifications needed for radio, edge, transport, 
core, and cloud infrastructure to handle the complexity of 
5G networks and the billions of Internet of Things (IoT) 
devices they can serve. All of these upgrades ought to be 
handled by AI in the best possible way. 

 Therefore, abandoning the current well-before 
approaches is necessary due to the dynamic spectrum access 
used by CR instruments. A policy-based approach for CR 
platforms and a new policy thinking model have been 
utilized to create regulations for the CR system. The 
fundamental idea behind CR [1] reconfigures how radio 
equipment apply their policies; as a result, the adaptable and 
flexible character of radio systems results in the best 
possible utilization of the spectrum. As a result, 
stockholders profit from the techniques and frequently 
change them. 

The creation of a strategy spectrum arrangement is essential 
for 5G networks, hence we constructed: 

(i) An expert channel assignment system that chooses from 
a vast array of parameters the variables that should be 
chosen for successful spectrum allocation. 

(ii) A fresh method of variable mapping that converts the 
required channel specifications to open spectrum gaps. 

(iii) A resource management program with POMDP support 
that offers secondary users service based on pre-mapped 
channels. 

Following is how the paper's remaining portions are 
arranged. Section 2 covers work on 5G networks, methods 
for channel allocation and selection, and policy-based 
systems. Presented in Section 3 is the policy engine 
structure. In sections 4 and 5, we demonstrate the parameter  
mapping and POMDP-enabled reward mechanisms, and in 
section 6, we present the results and testing results. We shall 
present our results in Section 7 as well. 

2.  Related Work  

2.1 Spectrum Allocation and Algorithms 

Review 
 The cognitive radio (CR) networks use the hidden 
Markov model (HMM) to analyze collaborative spectrum 
allocation for efficient spectrum access (OSA). The main 
channel is assumed to run in TDMA mode, thus slot-by-slot 

spectrum sensing was done[4].Reduced latency was the only 
goal of the initial strategy. As a result, it was theoretically 
possible to implement a narrowband (NB) sensing system 
using traffic loads in wideband (WB). The second approach, 
that was based on Q-learning, attempted to lessen sensing 
latency while still accommodating other user requirements. 
The first strategy reduced the sensing latency of random 
selection by 59%, whereas the second method used Q-
learning to increase satisfaction by 95.7% [5]. 

2.2 Study on Learning-Based Distribution 

 The algorithms made use of linkages in space, time, and 
frequency. Spectrum sensing ability could be significantly 
improved by ML algorithms if the input training data set is 
carefully chosen. Investigated were the advantages and 
disadvantages of employing input data sets that included ED 
evaluations and energy values in real-world settings[6].The 
results also showed that the neural network had a high rate 
of success and quick convergence in learning the best user 
selection method in an unknown changing situation[7]. 

 For a variety of occupancy rates, choices were taken and 
the consequences of waste and interference were assessed. 
Also carried out were comparison studies between the 
simulated Markov decision process (POMDP) and the 
Markov decision process (MDP)[8].Since the nodes have all 
of the essential files contained in the repository and the 
system is driven by AI, they can autonomously decide 
which channel to utilize and how to switch between 
different channels. Better results were obtained by 
increasing the simulation's utilization of both the 
spectrum[9]. 

3. Administration of Policy in 

Cognitive Radio  

 The principles of the policies that must be 

created for channel allocation and channel mapping 

are examined and understood in this section. With 

network and information system administration, 

there is a financial justification for automatic 

policy control of resources. In the process of 

managing policies, you can create corporate 

objectives that the network can read and 

enforce[10].To obtain opportunistic spectrum 

access, the following abilities are required: 

● Establishing a primary channel link and sensing 

over a wide frequency band 

●  Outlining possible opportunities 

●  Organizing the use of organizational priorities 

through cross-departmental communication 

● 4. Establishing and applying policies that limit 

disruption 

3.1 Engine for Policy 

 A computer or system has to be able to receive and 
implement machine-readable rules in order to regulate the 
behavior of network resources. As seen in Figure 1, the 
computer/process is known as the policy engine.The policy 
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engine is in charge of responding to events that call for 
modifying a resource's configuration. The output of the 
policy engine is frequently configuration instructions or 
approvals that are tailored to certain network devices. The 
policy engine in Figure 1 links domain-specific objectives 
with the functionalities of the devices they are linked to. 
[11].With a transmission plan it has created based on the 
behavior data it has gathered from the channel's key users 
and its current condition, the SR sends a channel demand to 
the RBR [12,13]. 

 

Figure 1.Engine for Policy. 

3.2 Norms for Elite Channel Distribution 

Process 

      It is impossible for hardcode 

regulations allowing secondary users to 

use available spectrum holes across 

several radio bands that fluctuate in 

frequency and location.The spectrum 

occupancy denoted by G by primary 

users, is given by [14,15]: 

𝛤 =  (1 /

 𝐾𝑁) ∑𝐾
𝑘=1 ∑𝑁

𝑁=1 𝛤𝑓 (𝑛), 𝑡 (𝑘)              

(1) 

where the total number of 

operating frequencies in a band is denoted 

by N and K denotes the number of total 

samples associated with each point of 

frequency fb [(99 kHz–3 GHz), (100 

MHz–1000 MHz) (50 MHz–4400 

MHz)].Figure 2 summarizes cognitive 

radio parameters for transmitters, 

receivers, and channels. Before channels 

are mapped, the swotting technique 

outlined in Algorithm 1 takes into account 

the parameters [16,17]. 
—-------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------- --------------- 

Algorithm 1  For Cognitive Radio Channel 
Selection and Distribution 
for All Channels, 

SetIdle 

{ 

If Channel Ch is IDLE attme Ta  

 I f authorized 

Check Primary User back-off time Bta 

If available IDLE for Time T b-a, Mark Channel 

specification  Γ ,  and release for  

Secondary User 

 Channel Specification as in Equation (1) 

 

 𝛤 =  (1 /

 𝐾𝑁) ∑𝐾
𝑘=1 ∑𝑁

𝑁=1 𝛤𝑓 (𝑛), 𝑡 (𝑘) 

 N—Number of frequency points in the band   

  K—Number of time samples for each frequency point  

} Repeat SetIdle for all channels;  

For all Idle Channels  

{  

AllocateSU  

Check SU Queue   

     If unauthorized  

          Transfer Channel specifications 

          Γ1 ,  Γ2,.... ΓN  and  

Idle Time Slots—T b−a ( Γ1), T b−a (Γ2), … T b−a( ΓN ),  

          to SU  

Identify the QoS requests from Secondary User 

For 

𝑅(𝑆𝑈1) = ∑

𝑛−1

𝑛=0

  ∑

𝑚−1

𝑚=0

(𝑐ℎ 𝑚𝑛   𝐵 𝑚𝑛 𝑙𝑜𝑔2  ( 𝑃𝑜𝑤 𝑚𝑛/𝜆) ∗ (𝑃𝑜𝐺 𝑚𝑛 /𝜇)) 

If Γ x satisfies the requirements R (SUy) 

Allocate 

Chx to SUy with Bx Bandwidth of channel m utilized by 

node y, Powx, the Power re- quired in dB for channel m 

utilized by node y, PoGx Power Gain in dB for all fading 

and path loss over the channel 

} Repeat AllocateSU for all Idle Channels 

When PU arrives, 

        If the channel is occupied by SUz, 

  Pre-empt SUz from Channel Chz and release for PU 

For SUz, call AllocateSU and identify spectrum hole for 

reallocation 

end 
—--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------  
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Figure 2. Parameters of  Cognitive Radio 

 

 

3.3 Elite Mapping—Swotting Algorithm for 

Parameter Mapping Repository 

The swotting algorithm, which is described in Algorithm 
2, is a reinforcement Q-learning algorithm that determines 
decision-making policies without thorough radio 
environment modeling. This shows that Q-learning 
describes and enhances the desired performance metrics 
rather than focusing on issues linked to network 
performance, such as wireless channel status and mobility, 
for example.It has four inputs: the state, the action, the 
probabilistic transition function, and the reward function, 
Sb, b. The state may reflect internal activities taking place 
within the agent, like the size of the instantaneous queue, or 
external activities taking place outside the agent, such the 
agent's use of the wireless medium. The reward function 
demonstrates the system's reaction to how well its activities 
were executed, and as a result, the system gains experience. 
—----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------  

Algorithm 2 :Elite Mapping—Swotting Algorithm for 
Parameter Mapping Repository 
Prerequisites: present state cs(t), previous state ps(x), and F(t) 
Ascertain that the Swotting algorithm selected produces the 
maximum possible output. OP 

Training: given the state of the network cs(t); 
Probabilistic exploration γ ; 
Choose one action at random; 

New Update UP(t) = {b|W (cs (t), b) = 1} for cs(t); 

Probabilistic Exploitation is 1 − γ ; 

Choose α records UP”(CS’(ps(x),F(t)) from actions F in 
accordance with CS’(ps(x),F(t) 

Resolve Re(cs(t),r) in accordance  with 
next r(x) and fill UPR(cs(t)); 

if (y* exist = maxy(y|cs(y) Î UP’’(CS’(cs(t)),F(t)) Ç 
UP’(cs(t)) then 

Choose the action r(x) ; 

Else if 

Choose action from UPR(cs(t));end if 
do update UP(cs(t), r) 

do 

repeat SWQ; 

 while (t = t + 1 and s = s.t + 1) 

 
—---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------ 

3.4 PMDP Model for Channel State and 

Reward 

 Decisions are made in a discrete-time stochastic 

management process using a Markov decision process 

(MDP), as seen in Figure 3. S(t) S, where S denotes the  

 

 

entire state space, is the current state. Recent states are 

flexible in real-time applications, and partially observable 

MDP (POMDP) has been used to compute the decision 

policy based on partially available inputs[18]. 

 

Figure 3. POMDP-enabled policy management. 

 Therefore, considering NOCs reduces SU collisions on 

the common spectrum. In order to prevent small cells from 

interfering with the small cell-enhanced node B 

(SeNBability )'s to operate as many UEs [19,20], as shown 

in Figure 4, the power and channel allocations are 

established. 
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Figure 4. POMDP-enabled policy-based spectrum allocation 

(PPBSA). 

4. Results 

 The sensing time is thus shown to be 1 ms as a result of 
this. Additionally, it has been found, as shown in Figure 5, 
that our projected PPBSA strategy outperforms alternative 
models in both crowded and sparse circumstances. 

 

 

Figure 5. POMDP-based spectrum access by SU. 

 As shown in Figure 6, an experiment is conducted to 

determine the best method for handing off spectrum from 

the primary to the secondary user and from the secondary to 

the primary user. 

 

Figure 6 :Service response time 

5. Conclusion 

 To provide service to the secondary customers who just 

needed one service, different real-time bands were 

examined, and the suggested elite channel distribution and 

mapping methods were evaluated. The elite-CAM is 

improved as a policy, and a policy engine is subjected to the 

policies. To rank and encourage a static environment, a 

policy-based spectrum distribution has been designed and 

put into practise. The 5G CORE specification's spectrum 

management capability is suggested to be configured using 

the policy engine. It has not been tested to see how the 

principal users' and users who don't suit the ranking 

mechanism's criteria change their behavior over time. 

Therefore, it is not preferred that users of cognitive radio 

who have previously been tested with a particular model 

continue for an extended period of time. It is quickly 

evolving. 
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