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Abstract - Networks of the 5th generation (5G) are the core networking systems for artefacts' mobile connectivity. 5G 

is built for exceptionally high efficiency, reliable completeness, high availability, and reduced power. Channel coding 

has become an integral part of mobile communication systems since it provides data protection from distortions in the 

wireless fading channel. The Downlink Control Channel (DCC) has implemented polar coding for error protection in 

the latest introduction of the mobile broadband model known as 5G-NR. Unlike 4G-LTE, in the downlink search field, 

each active user device will blindly identify their DCC.Turbo code based joint detection and decoding method are 

computationally complex and less robust. So an Integrated Linear Coding using Polar Codes (ILP-PC) has been 

proposed to provide robustness and reduce complexity. During the signal analysis and detection, polar code 

investigation has been conducted to enhance robustness by converting the Galois field code constraints into a dynamic 

signal system. Also, to provide improved spectral efficiency and enhanced computational efficacy instead of the turbo 

coding approach for joint detection and decoding, the ILP-PC has been implemented in the existing Successive 

Cancellation List (SCL) decoding. The proposed ILP-PC has overcome practical challenges with improved 

computational efficiency and achieved robustness against channel conditions. The polar code-based detector with SCL 

outperforms existing detectors with SCL, giving 7.5dB at the Block Error Rate (BLER) of 5x10
-4

. 
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1 INTRODUCTION TO POLAR CODES FOR 5G 

 

Polar codes [1] are error detection systems that 

demonstrably accomplish decoding discrete memoryless 

input channels with slight complexity. Besides, SC-List 

(SCL) decryption assisted by the Cyclic Redundancy 

Check (CRC) [2] is competitively capable of executing 

relative to other advanced channels (like LDPCs and 

turbo codes), and this also rendered them enticing for 

constrained environments. A new radio (NR) 

specification was recently finalized with 3GPP in the 

primary proclamation of the fifth-generation (5G) 

networks. Polar codes have been chosen as the channel 

coding structure of the regulatory information. 

Comparable to the traditional systems, 5G NR uses bit-

interleaved encoded modulation (BICM) symbols with 

uniformly distributed quadrature amplitude (QAM) 

modulation, which results in shape loss and prevents the 

output of higher-order modulation from reaching the 

Shannon limit. This paper suggests a realistic amendment 

to 5G NR polar codes to reduce the lack of shape and 

increase efficiency using a higher-order modulation. In 

[3], polar coding is adopted, and an optimal 

configuration of the code is used in [4]. 

Multi-level coding is favoured in these 

implementations over BICM because of the lack of 

BICM's separate demapping for each bit level. Also, the 

signal forming was not taken into account. The PS 

method for polar codes [5], which uses a combiner for 

comprehensive coding and indicator structure, is 

conducted using a (non-binary) dispersal system, is 

investigated in [6]. This scheme needs to be demapped 

and decoded in multi-stage stages and is dependent on 

codeword sizes which are an integer of the power of 2. 

Also, suppose a binary scrambler is used before symbol 

mapping (as in 5G NR) that may distort the optimal 

symbol likelihood function. In that case, it is not 

impossible to enforce such a system. In [7], the concepts 

from [8] and [9] to the higher cognitive modulation were 

more exposed. Just before the polar encoding, a precoder 

is used that places codewords on a specified mean of the 

distribution. The 5G NR polar code is implemented 

in[10], but the rate correspondence of [7] is not 

considered, and interleaved in the 5G NR string have to 

be adjusted. It is also not easy to accept 64-QAM 

modulation because of the particular framework of the 

process. 

Latest wireless networking protocols, including 

the 3GPP Long Term Evolution (LTE)  and the 3GPP 

NR, require that dynamic user-element (UE) systems 

receive critical control packets from serving nodes 

known as downlink control information (DCI). UE must 

correctly obtain its DCI in the PDCCH search area 

because it relies on the receipt of data sent to the mutual 

physical downlink (PDSCH). Since the EU does not 

know where its DCI is located in the objective function, a 

so-called blind identification must be made by 

deciphering a series of potential DCI applicants. The 

figure of such members may also surpass forty following 

the 3GPP guidelines. There is also an expensive 

calculation, latency, and power consumption using a 
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complicated decoder to update all applicants' error codes. 

It is also realistic to explore ways to improve detection 

accuracy and calculation reliability. 

The remainder of this paper is organised as 

follows. Section 2 describes the associated research 

activities. In Section 3, the Integrated Linear Coding 

using Polar Codes (ILP-PC)has been defined along with 

the system model. Section 4 provides simulation results 

and discussion. Section 5 provides the conclusion 

and an overview which describes possible future studies. 

 

2 RELATED WORKS ON CHANNEL DECODING 

USING POLAR CODES FOR 5G-NR 

 

Many mainstream wireless communications 

networks have introduced Multi-Input Multi-Output 

(MIMO) transceivers to increase reliability and spectral 

performance. The maximum detector likelihood (MLD) 

will optimally decrease the probability of a detection 

error between different robust and effective wireless 

device receptors. MIMO Systems' popular MLD 

algorithms provide the decoding and identification of the 

V-BLAST [11]. Preferably, maximal recipients should 

deny symbol fragments leading to incorrect codes of the 

Forward Error Correction (FEC) under the codeword 

constraints. However, combined Maximum - Likelihood 

Detection and Decoding (MLDD) can be challenging and 

expensive to execute for the most realistic length FEC 

codes. Consequently, MIMO detection accompanied by 

FEC decoding is applied disjointedly by a plurality of 

practical MIMO detectors. 

The absence of combined MLDD receivers is due 

to the highly complex NP-hard incorporation of Galois 

FEC limitations into the parameters for detecting the 

highest symbolic probability that strictly operates in the 

Euclidean (real or complex) region. Faced with the 

challenges of detective and decoding field operations, 

modern combined MIMO detection and FEC decoding 

use the information exchange among the soft decipherer 

and detector as a turbo system [12]. A new kind of 

receiver was recently developed based on combined 

MLDD [13]. Suppose the limitations of Galois’ field 

code in Euclidean are converted to a series of linear 

inequality restrictions. In that case, various conditions 

can now be drawn from the modulated information 

codes, training sequences, noise factors and the LDPC 

channel code to attain almost optimal output by a famous 

LP receiver. To combat pilot contaminations, the 

principle of joint identification encoding has also been 

used to overcome channel inconsistencies such as 

incomplete channel knowledge [15] or preliminary 

channel measurement for large MIMO systems[14]. 

The control coded information (DCI) is 

determined with convolutional codes in the 4G cellular 

communication standard by the 3GPP for which blind 

architectures have been developed[16]. There were also 

proposed other low-density testing blind algorithms 

(LDPC) and Bose-Chaudhuri-Hocquenghem (BCH)[17]. 

However, a unique generation of FEC coding called 

polar codes for fault defense of PDCCH is introduced 

under the 5G radio communications protocol. Polar 

codes developed in 2008 have been shown to accomplish 

network capabilities without strong coding or decoding 

complexities on binary-input discreet memoryless 

channels (BDMCs)[18]. Many research studies have 

researched the designs and encoding of the polar codes 

on additive white Gaussian noise (AWGN) [19] and 

Rayleigh fading channels[20]. Succeeding decoding (SC) 

decoding and successive cancellation list (SCL) decoding 

implemented into [21] is a common and popular decoder 

algorithm. The efficiency of ML decoding with mild 

complexity is shown to approach SCL rendering. Polar 

codes are at least in line with turbo codes' accuracy or 

LDPC codes employing cyclical redundancy checks [22]. 

Besides, in the high signal-to-noise (SNR) system 

in [23], the SCL decoder's complexity will be minimized. 

Although SCL is a complex decoding process, it is not 

appropriate for joint decoding receiver based on turbo 

codes. BP-decoder soft-outputs were suggested in the 

literature as alternatives to SCL [24]-[27] to lower 

complexity and increase efficiency. However, efficient 

blind identification of polar coded DCI remains available 

within 5G mobile phone networks. The compelling title 

of polar coding DCIs is essential for users to preserve 

their mobile connections [28]. Essentially, accurate and 

stable PDCCH receivers must combat realistic non-

idealities such as CSI faults, sounds, conflict with the co-

channels and pilot leakage [29]. 

Also, the desired detector should ignore inaccurate 

PDCCH applicants with minor delays and low energy 

consumption during the detection stage. This paper 

researches how the combined detection decoder concept 

can be incorporated into standard SCL decoders for polar 

code and achieved the anticipated outcomes [30] 

grounded on unified restraints in the Euclidean area. This 

enables the functional PDCCH identification of 5G 

cellular sensors to be significantly improved by our 

proposed algorithm without further design complexes. 

 

3 INTEGRATED LINEAR CODING USING 

POLAR CODES (ILP-PC) 

 

3.1 System Model for the ILP-PC 

 

The simulation model of MIMO-OFDM is 

developed by coding each block of the transmitter and 

receiver system and is depicted in Fig. 1. The system 

model is made of individual blocks given as follows: 

Source Generator produces the information bits for 

transmission through the system.Quadrature Phase Shift 
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Keying (QPSK) is used as a modulation scheme.RS-CC, 

LDPC, Turbo and Polar codes are considered as different 

FEC codes. In this work, polar codes have been used. 

After FEC coding, the input data is passed through 

interleaver to avoid burst errors by reordering the 

incoming bits. Serial to Parallel convertertranslates serial 

data into parallel and vice versa. IFFT is used at the 

transmitter to convert the frequency domain to the time 

domain to represent the OFDM subcarrier, thereby 

providing orthogonality. Cyclic prefix addition is done 

where the last part of the OFDM symbol is appended to 

the first part of the next OFDM symbol to eradicate 

interferences caused by multipath propagation. To 

achieve maximum assortment for the MIMO and combat 

the effects of fading, space-time coding is employed. In 

this work, 2x2 Alamouti Space Time Block Code 

(STBC) is used. 

 

 
 

Figure 1 Illustration of MIMO-OFDM structure with 

polar encoding and decoding. 

 

 

 

3.2 Channel Model for the ILP-PC 

 

A polar code is set with       ,  rate while   is 

the message-bit size and   is the codeword-bit size. The 

information bits are provided such that   
         .The principle of signal polarization allows   

equivalent channel realization to transform into   parallel 

virtual bit channels that are either highly noisy or entirely 

immune to error as c continues to be polarized infinitely. 

The crucial part of developing polar codes is, therefore, 

to pick the most confident ones of   - data streams to 

hold data bits by sorting the simulated data streams 

depending on their ability. The other bit-channels 

     bear frozen pieces (set to known values). The 

proportion of dedicated simulated networks between all 

practical data streams is   =  , which asymptotically 

reaches the channel potential for broad  . 

 

3.3 Blind Detection 

 

For the purposes of downlink controlling, the user 

must quantify and index the amount of Control Channel 

Component (CCC) available. This relies on the set of 

controlling units (in multiples of 15 resource units), the 

device bandwidth and the number of antenna ports in 

use, which would influence the range of modulating 

signal available. The number of CCC's accessible for 

PDCCH is calculated first by user, by subtracts of 

resources used for PDCCH symbols, channel indicator 

and Physical Hybrid Automatic Repeat Request (HARQ) 

from the total resources for which power is assigned. The 

first thing is for user to decide the number of resource 

units used for PDCCH. Suppose that for control area the 

first 4 OFDM symbols are assigned while a 20 MHz 

bandwidth allows 60 resource units, then it is given by, 

                                  

 

Table 1 PDCCH applicants for various combination 

levels and quest space category 

 

 

Quest Space 

Category 

Combinati

on Level 

Magnitude 

of CCC  

PDCCH 

applicants 

User 

Definite 

Quest  

Space 

2 6 4 

4 12 4 

6 4 2 

8 8 2 

Mutual 

Quest  

Space 

3 15 4 

6 15 8 
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Table 1 depicts the PDCCH applicants for various 

combination levels and quest space category. The rest of 

the resource units are grouped in and indexed into CCCs 

in every active and searching users. The first 15 CCCs 

correspond to the Mutual Quest Space (MQS), in which 

all receiving users are concerned with control 

information. If 15 CCCs are open, the remaining 

information will be used to give user control sensitive 

data that can only be decoded to a specific user. This 

secondary space is known as the User Definite Quest 

Space (UDQS). For example, the combination level for 

CCC with 15 CCCs may be either 3 or 6. DCI formats 

available in MQS are available. Consequently, the user 

wants to remember CCC 0, 6, 12 and 12 in the event of 

combination stage 3. 

 

3.4 Receiver Model based on ILP-PC Framework 
 

To develop the proposed ILP-PC, the modulation 

signals     ̂ are from a constellation  ̂  divided into real 

and imaginary bits, using the typical Quadrature 

Phase Shift Keying (QPSK) modulation technique. More 

precisely, in the same constellation C, the true section 

       ̂, and its imaginary section        ̂ form the 

coordinate. Consequently, by describing our scheme, we 

can change from complex to the real field. 

 [ ]  [
    ̂[ ] 

     ̂[ ] 
],  [ ]  [

    ̂[ ] 

     ̂[ ] 
],             (1a) 

  [ ]  [
   ̂[ ] 

   ̂[ ] 
],                (1b) 

 [ ]  [
 { ̂[ ]}        [ ] 

   [ ]          { ̂[ ]}
],    (2) 

Here  [ ] is the channel participation matrix,  [ ] 
is the output matrix of the channel,  [ ] is the channel 

response matrix and   [ ] denotes the noise. The system 

can be transformed based on the proposed ILP model 

based on the inequalities given by            

        .  [ ]  [             ]defines the vector 

field for relaxed variables. Now, optimization based on 

the ILP model will be given as, 

   ∑ ∑     
 
   

  
   , so that 

 [ ]  [ ]   [ ]    [ ]                             (3a) 

  [ ]  [ ]   [ ]     [ ]              (3b) 

where     defines the inequality on an elemental basis 

     . Let   denotes the binary information in the 

polar coded codeword length given by  .  is the group of 

all effective polar codewords with length  ; such that 

   . 

It has been explained how details from the     

codeword limit can be integrated into the linear 

modelling of the equation (3) after polar codes have been 

implemented as FEC. A way to transform the linear 

coding restrictions on Euclidean from the Galois field 

into linear variation restrictions has been suggested. The 

core principle is to loosen the limitations of a linear 

block coding matrix so that certain linear codeword 

restrictions recognized as the standard polytope are 

established. As the density of the binary parity control 

matrix increases exponentially in terms of the number of 

transformed linear constraints, this conversion fits well 

with these LDPC, the less dense, equality control 

matrices with low masses.  

Thus, by applying all the factors in this original 

matrix to conform with the polytope   , that is     , 

which can be written based on linear decoding 

limitations where   refers to all the factor graph 

variables. These limitations can be used in equation (3).  

Thus, the actual terminology for the proposed ILP-PC 

receiver can be given as, 

   ∑ ∑     
 
   

  
   , so that 

 [ ]  [ ]   [ ]    [ ]                 (4a) 

  [ ]  [ ]   [ ]     [ ]               (4b) 

     [   ]    

 (4c) 

When a SISO decoders like SC or SCL is created 

by the proposed joint ILP detector to decode   for the 

final receiver output  ̂, corresponding to uncoded source 

bit. This method explains our suggested LP recipient's 

joint identification and decoding algorithm. 

 

1. 4 RESULTS AND DISCUSSION 

 

It has been employed 4 to 1 MIMO spatial 

multiplexing models and a 2 x 2 MIMO wireless version 

transmitted with a PDCCH channel and QPSK 

modulation over a Rayleigh fading channel in our 

simulation trials. The polar rating code used is 1/2 and 

length N = 256 for the PDCCH link. The Rayleigh fading 

MIMO stream for each sub-channel is calculated at the 

receiver, comprising network prediction error. By 

dividing the soft data on its output, the BER and BLER 

are computed for the decoder response and the receiver's 

performance.The following techniques have been used 

for the analysis of the proposed system: 

 

 Minimum Mean Square Error (MMSE) 

estimation with hard decoding 

 MMSE with SCL decoding 

 Proposed ILP-PC with hard decoding 

 Proposed ILP-PC with SCL decoding 

1.  
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(a) 

 
(b) 

Figure 2 Comparison of the proposed ILP-PC and 

MMSE with hard and SCL decoding (for a sufficient 

number of pilot symbols, 2x2 MIMO system). (a) BLER 

comparison (b) BER comparison. 

 

Fig. 2 shows the BER and BLER comparison of 

the proposed ILP-PC and MMSE with hard and SCL 

decoding (for a sufficient number of pilot symbols, 2x2 

MIMO system, N=256). The findings equate the hard 

decoding based ILP detector to the MMSE detector 

without SCL decoding. The proposed ILP receiver 

significantly outperforms the MMSE detector by 

incorporating the FEC codeword restriction data during 

analysis, as shown in Fig. 2. Thus, a polar code-based 

detector with SCL outperforms the MMSE detector with 

SCL giving a gain of 2.5dB at the BER of 10
-4

. The Polar 

code-based detector with SCL outperforms the MMSE 

detector with SCL, giving 7.5dB at the BLER of 10
-4

. 

The comparison between hard decoding and SCL 

decoding has also been shown in Fig. 2. SCL decoding 

gives improved BER and BLER performance for MMSE 

and the proposed ILP schemes compared to the hard 

decoding. 

 
(a) 

 
(b) 

Figure 3 Comparison of the proposed ILP-PC and 

MMSE with hard and SCL decoding (for insufficient 

pilot symbols, 2x2 MIMO system) (a) BLER comparison 

(b) BER comparison. 

 

Fig. 3 demonstrates the BER and BLER 

comparison of the projected ILP-PC and MMSE with 

hard and SCL decoding (for insufficient pilot symbols, 

2x2 MIMO system, N=256). Even here, the proposed 

ILP receiver significantly outpaces the MMSE detector 

by incorporating the FEC coding scheme restriction data 

in the analysis, as shown in Fig. 3. Thus, a polar code-

based detector with SCL outperforms the MMSE 

detector with SCL giving a gain of 2.5dB at the BER of 

10
-4

. The Polar code-based detector with SCL 

outperforms the MMSE detector with SCL, giving 7.5dB 

at the BLER of 5x10
-4

. The comparison between hard 

decoding and SCL decoding has also been shown in Fig. 

3. SCL decoding gives improved BER and BLER 

performance for MMSE and the proposed ILP schemes 
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compared to the hard decoding. While comparing the 

BER and BLER performance in Fig.2 and Fig.3, the 

performance improvement of 2dB is obtained with a 

sufficient number of pilot symbols than with insufficient 

pilot symbols. 

 

5 CONCLUSION 

 

An Integrated Linear Coding using Polar Codes 

(ILP-PC) has been proposed to provide robustness and 

reduce complexity. During the signal analysis and 

detection, polar code investigation has been conducted to 

enhance robustness by converting the Galois field code 

constraints into a dynamic signal system. Also, to 

provide improved spectral efficiency and enhanced 

computational efficacy instead of the turbo 

coding approach for combined detection and decoding, 

the ILP-PC has been implemented in theexisting SCL 

decoding.The findings equate the hard decoding 

based ILP detector to the MMSE detector deprived of 

SCL decoding. The proposed ILP receiver significantly 

beats the MMSE detector by incorporating the FEC 

coding restriction data in the analysis. The polar code-

based detector with SCL outperforms existing detectors 

with SCL, giving 7.5dB at the Block Error Rate (BLER) 

of 5x10
-4

. 
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