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ABSTRACT 

 

The hardware defects creates distortions in communication systems at both transmission and reception 

process, which usually reduce the communication System performance. We get misleading results at both 

transmission and reception ends. The huge number of contributions in the area of relaying neglect hardware 

defects of both transmitter and reception thus assume ideal hard ware .Such assumptions are used in low 

rate systems but not applicable to high rate systems. This paper derives the behavior of performance 

limitations for both amplify-and-forward and decode-and-forward protocols of dual hop relaying system. 

We also derive the outage probity analysis of the effective end-to-end signal-to-noise-and-distortion ratio 

(SNDR). This paper considers the defects at source, relay, and destination and derives the closed-form 

expressions for the exact and asymptotic Outage probability.  

Keywords: Dual Hop Relaying, Amplify And Forward, Decode And Forward, Outage Probability, 

Nakagami-M Fading  

 

1.   INTRODUCTION 

The application of relay nodes intended for 

increased protection, stability and also quality-

of-service inside wi-fi techniques has been a 

sizzling investigation subject matter over the 

past several years, equally inside academia [1–

3]and also inside marketplace [4], [5]. This is 

because of the fact that, as opposed to macro 

basic areas, relays are low-cost nodes that could 

be effortlessly started and also, consequently 

improve the network agility.  However 

components used is affected with various kinds 

of defects;by way of example, phase noise, I/Q 

imbalance, high power non linearity’s, 

nevertheless you can find always extra defects 

[7]–[9]. Being a common bottom line, 

components defects have a deleterious impact 

on this doable effectiveness [9]–[18]. This 

specific result is usually much more evident 

inside high-rate techniques, especially 

individuals utilizing low-cost components [7]. 

The detailed idea about high power amplifier 

(HPA) nonlinearities and the effect of defects 

upon a variety of types of single-hop techniques 

 

 

have been assessed inside [6]–[18]. Pertaining 

to case, I/Q imbalance had been regarded inside 

[11] and it had been shown to attenuate this 

amplitude and also rotate phase in the desired 

constellation. Furthermore, that makes an 

additional image signal from the mirror 

subcarrier, which leads to symbol problem 

floor. Also, [12] indicated the result regarding 

non-linear HPAs as a distortion in the 

constellation as well as ingredient Gaussian 

disturbance. The hardware defects have 

demonstrated that non-ideal components 

severely influences multi-antenna techniques 

much more specifically, [17] proved that we 

have a specific potential reduce from substantial 

signal-to-noise rate(SNR), though [18] offered 

an over-all reference portion composition 

exactly where recent indication finalizing 

algorithms are redesigned for  the cause of 

defects. Regardless of the fact that transceiver 

components defects, their own impact on one-

way relaying only have been investigated, bit 

error rate simulations were are carried out 

inside [14] for amplify-and-forward (AF) 
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relaying, though [15], [16]The expressions for 

the bit/symbol problems  only consider in non-

linearity’s or I/Q imbalance, respectively, [20], 

[21] elaborated on the effect of I/Q imbalance 

on AF relaying and also suggested look a 

digital baseband   algorithms. In this paper, we 

provide a complete analysis of dual-hop 

relaying techniques regarding transceiver 

defects in AF and also decode-and-forward 

(DF) methods. Also, an analytical study 

regarding relaying together with transceiver 

defects under the generalized system model is 

presented. 

We use the following notations 

through this paper, Circularly-symmetric 

intricate Gaussian distributed specifics are 

denoted as x ~CN (a; b) in which ‘a’ could be 

the necessarily mean value and b > 0 could be 

the difference. Gamma distributed specifics are 

Supplier Route 1 Relay Denoted as �~Gamma 

(α, β), exactly whereα �  0 could be the form 

parameter and also β> 0 could be the scale 

parameter. The expectation outage probability 

is usually denoted by �{·} and also Pr {A} ‘g’ 

could be the likelihood of an occasion A. 

Gamma function represented as г(n) of an 

integer and satisfies  г(n) = (n - 1)! 

 

 

 

 

                                                             

 

 

 

2. SYSTEM MODEL 

This specific paper established dual-hop 

relaying in which source is having a 

communication link with destination by way of 

relay; see Fig. 1(a). There is absolutely no 

direct link between the source to destination.  

This model is consider in the following 

subsections and the black model is show in Fig 

1(b) the single-hop transmission with normal 

system model derived  from [8]–[11]. For 

example an information of source s ∈  �  and � ∈ �is communication channel with Gaussian 

impairment is 		 ∈ �	 [22].now we get the 

modeled received signal is y = �
 � 	 now the 

independent components are h, s, and also v the 

general frequency transmitter and receivers are 

afflicted by defects not correctly measure in this 

way. Informally communicating defects of 

hardware is1) create a mismatch between signal 

s and also what is truly generated and also 

emitted; and 2) the received signal over the 

reception finalizing. These specific calls for this 

add-on regarding additional distortion 

disturbance noise output which might be 

statistically depended by the amount of power 

and also route obtain gain .Thorough types of 

distribuends are available for various outage 

probabilities regarding see [7] the explanation 

regarding components defects inside OFDM 

techniques. However, this combined with the 

route model of flat fading   [8], the get received 

signal is y � 

 � ��� � �� � 		 where ��, �� 

distroction noises though 	� t; �x are distortion 

noise is through defend as 	��~��
0. �����, ��~��
0, ����|�|� the 

signal Parameters��	,�� � 0 are referred to level 

of defects. The Gaussianity of countless 

destructions are offered route acknowledgement 

this aggregate distortion though 	� t; � x 

witnessed at the received power (��ᵤ	, �ᵪ{|��ᵤ ��ᵪ|� ) this will depend for the common 

indication power � � ��along with the instant |�|�Realize that classical channel is not support 

because of the its design route model inside 

considering that the successful distortion 

disturbance is usually related with the route 

which is not really distributed.   The Parameters 

is��, �� � 0 the kind of destructions within the 

transceiver components. These components are 

viewed because of error vector magnitudes. 

EVM is often typically measure outage 

probability quality of RF transceivers. Given 

that this EVM measure the various destruction 

components the sufficient aggregate amount of 

defects 	� � ���� � ���	 in the route, without 

specifying the transmitter components (kt) 

along with the recipient components (kr).This 

specific observation is now official. Quality 

measure regarding RF transceivers which is this 

rate in the common distortion specifications 

towards common indication specifications 

.several Given that this EVM is regarding 

various component defects measured  
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Figure. 1 AF/DF relaying together with (a) suitable 

components or (b) Non-ideal components together with 

transceiver impairments modeled aggregate distortion 

noises	�1,�2. 
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3.     METHOD DESIGN: RELAYING 

TOGETHER NON-IDENTICAL HARD 

WARE 

 The relaying of dual hop scenario as show in 

inside Figure.1. Now the transmission 

components of the suppliers source along with 

relay its consider as 1 and relay to getaway as 

consider as 2. With all the normal system 

product inside of this receive signals at the relay 

and also getaway are	"# � �#

# � �#� � 	#  we 

=1, 2 (6) together common indication of supply 

power 		�# � �$|
#	|�	 } Also, 	# ∼ ��
0, �#� 
signifies the Gaussian recipient disturbance and 

also�# ∼ ��
0, �#&�#) is usually this distortion 

disturbance intended for we '#= 1, 2. Distortion 

disturbance unidentified noise-like interfering 

indication �# . The route gains 	�#		 ≜ |�#|� ∼)*++*
,#	, -#�  are Gamma distributed 

together with integer form the scale parameters -# . 0shape parameter is ,# � 1 in such case, 

this cumulative distribution functions (cdfs) and 

also probability functions (pdfs) in the route 

gains, �# are 

/0#
�� � 1 1 ∑ 34 5678!:7;<8=> � � 0               (1) 

?0#
�� � @A7						3; 567
г
∝#�C#A7 � � 0                  (2) 

Intended for we I = 1, 2. That most of the 

analysis on this paper is usually generic and 

applies for any fading distributions on it. The 

decision regarding Nakagami-m removal should 

be only exploited intended for deriving closed-

form of expressions for quantities. 

                
D�#	 � E7�F7$07GH7                         (3) 

  If i= 1, 2. The standard removal   power is 

usually �0#	$�#G,#	-#  under Nakagami-m 

removal. The impairment '#  would depend for 

the SNR [10], [18], [22]. For most analysis of   

fixed  I�J#   and thus '# might be used as a 

constant.  Thus are to ensure the high-SNR 

analysis. Seeing that (3), SNR can be carried 

out substantial indication signal power Pi 

and/or removal power	�0#$�#G. In case all of us 

enhance the signal power to perform away from 

the dynamic selection of the power amplifier, 

next the level of defects '# increase at the same 

time results of the High power Amplifier 

nonlinearities [23] In case all of us, for the 

different give, enhance the removal  power (by 

minimizing this propagation loss) . 

3.1. SNDR Calculation with amplify-and-

forward relaying  

The indication of information signal along s1 

ought to be bought at the getaway .Inside AF 

relaying standard protocol, this transmitted 

signal indication s2at the relay is merely 

increased variation in the indication y1 received 

at the relay: s2 = )KL  for most amplification 

component G>0. With non-ideal (ni) 

components, this received indication at the 

getaway is now attained. The amplification 

component )H# is usually picked at the relay to 

meet up with it is power limitation. The origin 

desires zero route information. Relaying 

together with variable gain with )M ≜NO� �PL,QL,ȵL⁄ 	$|		T1|G�			Otherwise 

 Fixed gain relaying with                                  

)U ≜ �O� �PL,QL,ȵL,VL⁄ 	$|		T1|�	 Only using route 

details [2] the fixed and also variable gain 

relaying, )H# says respectively since if the relay 

offers instant information about this removal 

route, h1, it can use variable gain  

)H#U ≜		W ���1�0L$�1G
1 � �1�� � �1							
4�	 
)H#M ≜		� E&EL0L
LYZL&�Y[L                           (5) 

Where �0L � ,1-1 are intended for Nakagami-

m fading. The specific, subsequently, influences 

this difference in the distortion disturbance 

second minute hop is  �$|ȵ2|� ��2�)H#� ��L,ML$|"1|�G   intended for AF 

relaying. This specific minimizes towards 

easy phrase �2�	��  intended for variable 

gain relaying, although it gets 

( )H#U ���2�
�1�1
1 � �1�� � �1 After some 

algebraic expressions the end to end SNDR is 

\]/H#4U � 0L0�0L0L^Y0�
LYZ�&�_<`<		Y _&`<
ab7c �&
					(6) 

\]/H#4Q � 0L0�0L0�^Y0L
LYZL&�_<`<Y_<_&`<`&             (7) 
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Respectively, let's assume that this getaway is 

aware the two stations along with the distortion 

industrial noise .Realize that this parameter d ≜ �1� � �2� � �1��2� that presents itself 

inside (6)–(7) represents an integral position on 

this paper. SNDR with amplify-and-forward 

relaying together with suitable components 

being extracted inside [2],[23].The final results 

on this part minimize to that particular specific 

circumstance any time placing k1 = k2 = 0 

along with the end-to-end SNRs come to be 

\#êf4U � 0L0�0�_<`<Y _&`<
a7gc �&
		                    (8) 

\#êf4Q � 0L0�0L_&`&Y0�_<`<Y_<_&`<`&                    (9) 

 This SNDRs inside (6)–(7) suitable 

components inside (8) (9), regarding non ideal 

components 

3.2. SNDR Calculation with decode-and-

forward relaying 

 Now the indication of transmitted signal at the 

relay s2thought out equivalent first planned 

signal indication s1. This is only achievable 

when capacity to decode this indication 

(otherwise this relayed indication is usually 

useless), therefore, this successful SNDR 

could be the least these SNDRs concerning 

1) the source and also relay, and also 2) this 

relay and also getaway. All of us presume 

the relay is aware h1 along with the getaway is 

aware h2, combined with the studies regarding 

this recipient and also distortion noises. With 

non-ideal components successful end-to-end 

SNDR gets 

\H#̂U � min	
 EL0LEL0LZL&Y[L	 ; E�0�E�0�Z�&Y[��                (10) 

And also will not require any route information 

at the supplier. Inside this specific circumstance 

regarding suitable ideal hardware (k1 = K2 = 

0), (10) minimizes towards established result of 

[2], that’s 

γmnop � MIN
tLuLvL , w�u�v� �                                    (11) 

 This SNDR is equal for AF and DF relaying 

demonstrated inside (10) because of the 

statically dependence (11). 

 

4.ANALYSIS OF OUTAGE PROBABILITY 

Now the specific part explains new closed-form 

expressions for transceiver defects. This effects 

recognized leads to this literature, this sort of 

since [1]–[3], [24], [25], which usually depend 

on this supposition regarding suitable 

components. outage probability is usually 

denoted by Pout(x) which is this likelihood the 

route removal helps make this successful end-

to-end SNDR fall below a particular threshold, 

x, regarding satisfactory communication 

quality. Mathematically communicating, 

consequently 

Oxy�
�� ≜ O�$\ z �G  Exactly where could be 

the successful end-to-end SNDR. This 

specifics for the outage probability that 

maintain real for any distributions in the route 

gains 	�1, �2. Realize that �1; �2 are equally 

numerators and also denominators in the 

SNDRs inside (6)–(7) and also (10) make it 

possible to characterize this particular structure. 

It possible for c1, c2, c3 become totally positive 

constants and also considered a non-negative 

random variable together with cdf/0
. � then, 

O� { |L0|�0Y|} z �~ � �/E � |}@|L4|�@� , 0 z � z |<|&1																													� � |L|�
(11) 

Guess c2 = 0 as a substitute, next simplifies for 

you to 

O� {|L0|} z �~ � /� �|}@|L �									                        (12) 

Explanation: Your left-hand part regarding is 

usually add up to 

Pr$c1ρ z 
c2ρ � c3�xG � Pr$ρ z �}�
�L4����G    (13) 

 The phrase is Fρ � �}��L4���� . IF
c1 1 c2x� z 0	this 

is usually preferable for almost any 

acknowledgement in the variables Determined, 

we are able to gain essential movement 

intended for this Outage probability together 

with AF relaying. 

Task1: the independent non-negative Random 

variable is 	��  together with cdf 	/0#
. �and pdf ?0#
. �file intended we i = 1, 2.are consider and 

also the non-ideal components of AF relaying is 

usually � � L̂
and also Oxy�ef.H#
�� � 1  for � � L̂
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Inside specific ideal hardware regarding 

suitable components, (23) minimizes to 

 Oxy�ef,H#
�� � 1 1 � �1 1 /EL � �&5
L4^@���>
�<�&5&<;g5 Y|@�
L4^@� ��	                                                        (14) 

 The parameters b1, b2, d, C rely on AF 

standard protocol: b1=0, b2=
[L�L , � � [��L
�7gc �& , d �0		�?���d	�*�D 

b1=
[��� , �2 � [L�L , � � [L,[��L,�� , d � 0	if suitable gain 

4.1. Nakagami-m and also Rayleigh channels 

 The Outage probability together with fixed and 

also variable gain AF relaying were being 

attained inside [2, Eq. (3)] and also [23, Eq. 

(6)], respectively. These kinds of preceding 

functions regarded Rayleigh removal, though 

closed-moment expression for the circumstance 

regarding Nakagami-removal thus attained 

inside [3],[24],[25] suitable ideal hardware.  

this outage probability within the common AF 

relaying and also non-ideal components cannot 

be measure through this kinds of effects, by 

way of example, the typical analysis inside [27] 

will not handle with instances any time [11] 

presents itself within the denominator in the 

SNDR phrase, which is the situation inside (6)–

(7).These critical theorem supplies completely 

new closed form outage probability within the 

occurrence regarding transceiver components 

defects. Now �1, �2are independent and also �� � )*++*
∝ �, -�� exactly where we∝ � �1 

is an integer and also we -� . 0	intended for 

P����p,m 
x�
� 12e4 ¢<;£¢ ¤b1β2 � b2β1§ ¨ ¨ ¨�	©

Z=>
:�4L
H=>

:L4L
8=> 
ª, D, �� 

« 
 x1 1 dx�∝�Y­
b1b2 � c
1 1 dx�x �®¯°¯<&  

« K 4²YL �2� ³L³��&´L´�
L4n��& � ��´L´�
L4n���										(15) 

 For � � L̂
and also Oxy�ef,H#
�� � 1  and � . L̂

  is 

Bessel purpose in the minute variety is usually 

denoted by Kv(.), though 

�
ª, D, �� ≜ �L∝&;b;<CLµ;b;<;&¶& C�b;µ¯<;&A&&Z!
84Z�!H!
:�4H4L�! 				                       
(16) 

 b1, b2, rely on the choice in the AF standard 

protocol and are offered inside Task 1, though d ≜ �1� � �2� � �1��2� inside specific 

circumstance regarding Rayleigh removal 

(∝ � � 1, -� � Ω��		·�	get 

Oxy�ef,H#
��
� 1 1 2� 5<;g5��<Ω&Y�&

Ω<�√Ω1Ω2 W �1�2��
1 1 d��� 	� 	 ��
1 1 d�� 
« '1 � �√ΩLΩ�� �L��@&
L4^@�& � |@
L4^@��                      (17) 

Theorem1: generalizes the functions mentioned 

above, which usually most suitable 

components. Realize that outage probability 

movement corresponding to individuals inside 

preceding functions, that can be acquired by 

placing k1=K2= 0 inside Theorem 1, which 

usually successfully takes away this 	� � L̂
  

now
L	̂

 = ∞  the closed-form outage probability 

for DF relaying are attained within the common 

circumstance regarding non-identical   

components. 

Theorem2: �L,��  are independent and 

also 	��~)*++*
∝ �, -��  exactly where  ∝ � � 1 is an integer and also -� . 0  intended 

for = 1, 2 your outage probability together non-

ideal DF components  

Oxy�¹f,H#
�� � 1 1 ∏ »∑ 3; _75¼767
<;µ7&@�				8!∝#4L8=> ��8=>

 [#@E#C#
L4Z#&@��8½                                             (18) 

 Where � . L¾  where ¿ ≜ max	
�1�, �2�� and 

also PDF Oxy�¹f,H#
�� � 1  out and about (x)�L¾ intended for  Inside specific circumstance 

regarding Rayleigh(∝ � � 1, -� � Ω�� we gets 


�� � �1 1 �4∑ _75¼7Ω7
<;µ7&&7Á< ��	0 z � � L̂
1																																								x � L̂          (19) 

Explanation: inserting this particular cdfs 

regarding Nakagami-m and also Rayleigh 

removal, all of us obtain the desired effects. All 
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of us pressure that Theorem2 generalizes this 

established effects regarding [26, Eq. (12)] and 

also [1], [27], which were claimed for the 

circumstance regarding DF relaying together 

with suitable components.Theorem2 might be 

straightforwardly expanded for dual-hop  

relaying examples together with M> 2 hops 

difference is always be the cause of most M 

hopes 

5. RESULTS 

On this part, the theoretical details of Monte-

Carlo simulations. On the concepts regarding 

SNDR and also capacity ceiling. We consider 

components defects upon this outage 

probability, Pout(x), for two various thresholds: 

x = 2� 1 1 � 3 = 3and also x = 2Â 1 1 � 35  

the communication occupies two time slots, that 

is 1 and also 2.5 bits/channel respectively. The 

level of defects regarding k1 =K2 = 0.1, 

independent Nakagami-m removal to gather 

with	, 1 = ,2 = 2, along the identical common 

SNR from equally channels. Recognition the 

common SNRs are described inside (3) and also 

realize that all of us is not going to specify- 

1,-2 , P1, P2 on this part of these kinds of 

parameters are dependent on the average SNR.  

Growing this SNR is usually viewed since 

minimizing this propagation long distance. 

Figure.2. Outage probability Pout(x) intended for AF 

relaying to gather components defects regarding 

K1=K2=0.1 

Figure 2, 3 shows the Outage probability is 

intended for AF and also DF relaying is 

common SNR intended.Figure.2 and also 

Figure. 3 were being generated because of the 

analytical movement inside Theorems 1 and 

also 2 and also show perfect agreement with the 

Monte-Carlo simulations. Seeing that revealed 

inside these kinds of statistics, there may be 

only a minor effectiveness damage brought on 

by transceiver components defects within the 

lower threshold regarding x = 3. However, we 

have a large effectiveness losses in threshold 

increase x = 36. AF and also DF relaying 

expertise losses regarding around 5 dB and also 

2 dB inside SNR,  intended now x = 36  is 

usually much more resilient for DF  defects, 

that is estimated  distortion disturbance in the 

initial hop it will not consider 

Figure3.Outage probability Pout(x) intended for DF 

relaying to gather with components defects 

regarding k 1 =k 2 = 0. 1 

Second hop. Nonetheless, this outage 

probability with non-ideal hardware intended  

AF and  DF relaying components same as the 

ideal hardware components; consequently, the 

hardware components defects cause merely an 

SNR balance out that's demonstrated as a curve 

changes to right show in Figure. 2 and also 

3.the adjustable gain relaying, which is good 

observations inside [3]. 

 

Figure.4 Outage probity intended for fixed gain AF 

relaying together with suitable Components  is 

actually components defects regarding k1 =k2= 0.1. 

Unique form Shape parameters 	∝1∝ 2  are viewed 

within the removal distributions and different 

Asymmetric SNRs: SNR1 = SNR2 your strongest 

route has a SNR regarding 30 dB. 
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Future, all of us illustrate this impression in the 

form parameters ,1, ,2  in the Nakagami-m 

removal distributions. The SNR1 = Ä  SNR2, 

intended for Ä ∈ $0.2, 1, 6G	  even though the 

most significant in the SNRs is usually fixed 

since max (SNR1, SNR2) = 30 dB. Fig.4 

several displays this outage probability intended 

for x = 3 together with suitable components is 

actually hardware components defects seen as 

k1 = K2 = 0.1 for fixed gain AF relaying 

respectively.  That improving shape parameter 

less outage probability and enhance the 

effectiveness of the system. The difference the 

gain �� lower any time improving us, though all 

of us maintain your common SNR fixed. 

Furthermore, all of us  significantly improve the 

identical SNR from equally hops compared to 

asymmetries Inside asymmetric instances, all of 

us be aware through Figure.4 consider better to 

have a strong initial hop and  fragile minute hop 

compared to vice versa. because of the 

amplification regarding disturbance within the 

AF protocol; however, this particular result 

goes away intended for adjustable gain AF 

relaying and also DF relaying , symmetric 

SNDR movement inside (14) (17) 

 

Figure.5 Outage Probity�xy�
@� Intended For AF 

And Also DF Relaying Intended For Various 

Thresholds X. 

SNDR ceilings transceiver components defects 

SNDR and also capacity Ceilings Future, all of 

us illustrate this existence regarding SNDR 

ceilings. To this particular conclude, all of us 

look at a fixed common SNR regarding 25 dB 

from equally stations and also self-sufficient 

Nakagami-m removal stations together 

withk1=k2 =2 Fig. 5displays this OUTAGE 

PROBABILITY, Pout(x), as a purpose in the  x 

(in dB) making use of often suitable 

components or components together with 

defects regarding level k1=k2=0.15. Pertaining 

to lower thresholds, this Outage probability 

intended for AF and DF are degraded by defects 

since x increases, this suitable components 

circumstance gives easy convergence to 1, even 

though the sensible circumstance regarding 

components defects activities an instant 

convergence towards particular SNDR ceilings. 

DF relaying is usually much more resilient the 

components defects and its particular SNDR are 

roughly two times as large as AF relaying. 

6. CONCLUSION 

The practical hardware creates defects of both 

transmission and reception process of any 

communication system. While impact of 

hardware defects examples I/Q imbalance, HPA 

non-linearity’s has been analyzed, we assume 

generalized system impairment model that has 

been used in for single-hop communication and 

applied it on flat-fading dual-hop relaying 

system of both AF and DF protocols. Our 

analysis and numerical results are not affected 

by defects of communication system of   dual 

hop relaying, especially when high achievable 

rates are required. Closed form of expressions 

for the careful and asymptotic Outage 

probability was determined under Nakagami-m 

fading. The tractable upper limits and 

approximations for argotic limits. These 

expressions effectively describe the effect of 

defects and exhibit the presence of principal 

SNDR and capacity celling that can't be crossed 

by expanding the signal powers or changing 

fading conditions 
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