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Abstract 
The need for higher data rate and higher systems capacity leads to several so-
lutions including higher constellation size, spatial multiplexing, adaptive 
modulation and Non-Orthogonal Multiple Access (NOMA). Adaptive Mod-
ulation makes use of the user’s location from his base station, such that, closer 
users get bigger constellation size and hence higher data rate. A similar idea 
of adaptive modulation that makes use of the user’s locations is the NOMA 
technique. Here the base station transmits composite signals each for a dif-
ferent user at a different distance from the base station. The transmitted sig-
nal is formed by summing different user’s constellations with different 
weights. The closer the users the less average power constellation is used. This 
will allow the closer user to the base station to distinguish his constellation 
and others constellation. The far user will only distinguish his constellation 
and other user’s data will appear as a small interference added to his signal. In 
this paper, it is shown that the Adaptive modulation and the NOMA are spe-
cial cases of the more general Cluster Modulation technique. Therefore, a 
general frame can be set to design both modulation schemes and better un-
derstanding is achieved. This leads to designing a multi-level NOMA and/or 
flexible adaptive modulation with combined channel coding. 
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1. Introduction 

Current and future systems become more bandwidth demanding, since the most 
popular applications are multimedia communications. As well as the introduc-
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tion of massive Wireless Sensor Networks arises the challenge for the communi-
cation systems capacity increase. This leads to the use of very sophisticated sig-
nal processing techniques that require good processing cores to be employed in 
the communications devices. 

The need for more transmission data rate or higher systems capacity led to 
several solutions including higher constellation size, spatial multiplexing, adap-
tive modulation and Non-Orthogonal Multiple Access (NOMA). Increasing the 
constellation size requires more power to compensate for the loss in SNR that 
maintains acceptable BER. Error control coding might be utilized to enhance the 
BER on the expenses of higher Band Width (BW). Spatial multiplexing imple-
ments orthogonal channels in space that can be used to transmit different user’s 
data at each beam using an antenna array. Space Time Codes might be imple-
mented to form spatially multiplexed channels. This will increase the system’s 
capacity by reusing the same bandwidth many times in the same cell. Adaptive 
Modulation makes use of the user’s location from his base station, such that, 
closer users get bigger constellation size and hence higher data rate. A similar 
idea of adaptive modulation that makes use of the user’s locations is the NOMA 
technique. Here the base station transmits composite signals each for a different 
user at a different distance from the base station. The transmitted signal is 
formed by summing different user’s constellations with different weights. The 
closer the users the less average power constellation is used. This will allow the 
closer user to the base station to distinguish his constellation and others constel-
lation. The far user will only distinguish his constellation and other user’s data 
will appear as a small interference added to his signal. With NOMA, multiple 
users share the same radio resources, either in time, frequency or code. It is 
well-known that non-orthogonal user multiplexing using superposition at the 
transmitter and Successive Interference Cancellation (SIC) at the receiver out-
performs orthogonal multiplexing and it is optimal in the sense of achieving the 
capacity region [1] [2]. NOMA captures researcher’s attention as a novel and 
promising multiple-access scheme for future generations of cellular systems as 
well as for Wireless Sensor Networks (WSN) [3]-[9]. Figure 1 shows the concept 
of NOMA for two users, one U1 is close to base station and the second U2 is far 
from base station. 
 

 
Figure 1. Two users NOMA system showing their constellations. 
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As shown in Figure 1, the first user can detect both his data and the second 
user’s data. The second user sees the first user’s data as interference and is still 
capable of detecting his own data.  

In 1996 a Ph.D. thesis introduced the concept of what was called Cluster 
Modulation (CM). In CM many levels of constellation are superimposed to form 
the total transmitted signal from the base station. Higher levels may be used for 
transmitting side information data to the basic level. The extended levels can al-
so be used to increase the data rate for the same user or use different user data. 
When CM is used to increase the data rate, it becomes similar to the Adaptive 
Modulation scheme and when used to transmit different user’s data it becomes 
similar to the NOMA technique [10]-[13]. The block diagram of the CM trans-
mitter is shown in Figure 2. Here the transmitted signal for L levels QAM con-
stellation can be written as: 

( ) ( )1
0

L
t l llt s tα−

=
Φ =∑                       (1) 

where lα  is the lth level weight and ( )ls t  is the complex lth user signal that 
represents a constellation point. And for PSK constellation: 

( ) ( )1
0

L
t l llt s tα−

=
Φ =∑                       (2) 

where p(t) is the waveform shaping function. 
 

 
Figure 2. CM transmitter block diagram with example of 
4-QAM constellation. 

 
The resulting constellation of ( )t tΦ  will be a superposition of all levels. An 

example of L = 3 4 QAM signals is shown in Figure 3. Generally, the signals 
( )ls t ’s can have arbitrary different constellations. 

 

 
Figure 3. Three levels CM Constellation QAM. 
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( )ls t  can be different users signal or same user data. L is the number of levels 
used that can be fixed or variable. The weight factors lα ’s usually have the fol-
lowing constraint: 

0 1 1Lα α α −< < <�                          (3) 

In case of PSK modulation for each level, the weight factors lα ’s will scale the 
transmitted signal phases at each level. Then the constellation will be as in Figure 4. 
 

 
Figure 4. Three levels CM constellation PSK. 

 
The CM receiver is a sequential receiver that detects the signals from the low 

level up to the highest level, as shown in Figure 5. 
 

 
Figure 5. CM receiver block diagram. 

 
The Extractor function is to detect the signal ( )ls t  using its own constella-

tion in descending order ( 1, 2, ,0l L L= − − � ). This is done by mapping all the 
decision regions of the lower level into one constellation of the next level until 
reaching the highest level and detecting the data backward. In this paper we 
formulate the relation between the CM and Adaptive modulation and then be-
tween the CM and NOMA. 

2. CM Leading to Adaptive Modulation 

Adaptive Modulation is used to provide different data rates to users as their dis-
tance from the base station. Users will get constellation size depending on their 
distance from base station, such that, the distance is divided into zones. Each 
zone will use power of 2 size reduction from the previous zone [14]-[20]. If we 
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consider the four zones system, then the closest zone will have 64-ary constella-
tion, the next zone will have 16-ary constellation then 4-ary and the farthest one 
will have binary constellation as shown in Figure 6. This will result in higher 
data rates for the closer zones. 
 

 
Figure 6. Four zones adaptive modulation scheme. 

 
For L level CM, users at distance lr  from base station ( 0r  is the closest). The 

transmitted signal to zone 0 will use all the L levels for the same user. The next 
zone will use L-1 levels CM and so on. In each zone we use a complete CM con-
stellation for the same user and if we set the following constraint, we will get ex-
act constellation for both the CM and the Adaptive Modulation scheme. 

1 0,1,2, , 2,
2
l

l l Lα
α += = −�                      (4) 

As shown in Figure 6 the constellation for both Adaptive Modulation and 4 
levels CM is identical (that is used in the closest zone). Here the CM technique 
can be used to generate any level of constellation size in the same way as the 
Adaptive Modulation and hence, the same receiver can be used to retrieve the 
data for all zones. In the case of CM, the transmitter will divide the user data in-
to sub-groups of bits each sub-group is fed to a different level. In the case of 
64-ary constellation we need three levels CM to form the constellation points 
that is three 2-bits sub-groups; this will be used in the closest zone to base sta-
tion. And in the next zone we use two levels CM to form the 16-ary constellation 
and in the next zone one CM level with 4-ary constellation is needed finally in 
the last zone one level CM with a binary constellation is needed. 

The CM can form the Adaptive modulation scheme, but it does not cover the 
adaptation process, since it only describes the constellation design and imple-
mentation. The CM provides a flexible method to control the power for each 
level individually by controlling the values of lα ’s for each zone and even for 
each level. This will result in an unequal error protection scheme that can have 
better BER performance for the more important data. A comparison between 
16-ary constellations for both equal and unequal error protection is shown in 
Figure 7. 
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Figure 7. 16-ary constellation for equal error protection (left) and un-
equal error protection (right). 

 
In this example we can see that the Euclidean distance between constellation 

points in level 0 is less than the Euclidean distance between constellation points 
in level 1. This can be written as: 

1
0 p

αα =  where 2p ≥                       (5) 

where p is a constant that specifies the amount of reduction in the Euclidean 
distance between the constellation points. If we have more than two levels Equa-
tion (4) becomes: 

1 , 0,1,2, , 2l
l

l l L
p
α

α + == −�  and 2lp ≥               (6) 

As discussed above, the CM leads to designing the same constellation used in 
the Adaptive Modulation and provides more flexibility to implement Unequal 
Error protection scheme. The adaptation can be introduced simply by control-
ling the Pl and lα  factors. Next, we discuss the relation between the CM and 
the NOMA. 

3. CM Leading to NOMA 

The introduction of NOMA in the 5G systems has the impact of increasing the 
overall systems capacity [21]-[26]. This increases the importance of using NOMA 
systems in current and future communications systems. For users at distance lr  
from base station where: 

0 1 1Lr r r −< < <�                          (7) 

It is assumed that the closer users have higher SNR than the far users. There-
fore, Equations (1) and (6) can represent generalized NOMA constellation. For  

example, in 2 levels CM the transmitted signal with 1
0 1

2
αα = =  and 4-QAM  

constellation for each level, the transmitted signal can be written as: 

( ) ( ) ( )0 12t t s t s tΦ = +                        (8) 

where ( )0s t  and ( ) { }1 1 , 1 ,1 , 1s t j j j j∈ + − + − − − , This will produce constel-
lation points as shown in Figure 8. The same constellation can be seen as a 
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NOMA with two users the close user data corresponding to level 0 and the far 
user data corresponding to level 1. 

At the receiver assuming AWGN channel for simplicity, the received signal is 
given by: 

( ) ( ) ( ) ( )0 12r t s t s t n tΦ = + +                     (9) 

n(t) is AWGN. Here the receiver will detect level 1 signal first and will sub-
tract it from the whole signal and then detect level 0 signal. 

In general, the receiver will be a successive cancellation receiver. Starting at 
the higher level and going down to the lower levels. Each time it will subtract the 
lower level from the previous signal to detect the next level. 
 

 
Figure 8. Example of two levels CM with 

0 2p = . 
 

In CM, the extended levels might use simple repetition code to enhance their 
SNR such that each level l can repeat its data along lq  successive signaling in-
tervals. Figure 9 shows an example of two levels CM scheme with 0 2q =  
where we repeat twice level 0 data. 
 

 
Figure 9. Example of two levels CM with 0 3p =  and 0 2q = . 

 
The repetition code can be replaced by any error correcting code to get better 

performance for each level to form a Coded Modulation scheme. In the shown 
example the close user will detect his data as: 
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( ){ }( ) ( ){ }( )0 1 0 1Abs Re and Abs Imr rI t Q tα α= Φ − = Φ −       (10) 

And then detecting the other level as: 

( ){ } ( ){ }1 0 1 0Re and Imr rI t I Q t Q= Φ − = Φ −           (11) 

We can see that the CM can be a more generalized form of NOMA as well as 
it can combine coding techniques to enhance the receiving performance. 

4. Performance 

A MatLab simulation was conducted with an average of 2 million iterations at 
each SNR value for both Adaptive Modulation and NOMA using 4-ary QAM for 
each zone and compared with CM with two levels and no repetition code with 
the same constellation size. 

The CM performance in AWGN channel matches the performance of adap-
tive modulation when it uses the right parameters (i.e. for 2-levels adaptive 
modulation set: L = 3 and p = 2). Here, both the adaptive modulation and the 
CM matches exactly and hence, there BER performance coincide as shown from 
MatLab simulation in Figure 10. 
 

 
Figure 10. CM and Adaptive modulation performance for the same parameters. 
 

Again, the CM performance in AWGN channel matches the performance of 
NOMA when it uses the right parameters (i.e. 0 2p =  and 0 1q = ). Here, both 
the NOMA and the CM matches exactly and hence, there BER performance 
coincide as shown from MatLab simulation in Figure 11. 

As shown the BER performance in AWGN channel in both cases matches 
their counterpart. The CM has the advantage of combining a repetitive code to 
further enhance the higher levels data. This can be done by setting 0 1q > . 
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Figure 11. CM and NOMA performance for the same parameters. 

5. Conclusion 

In this paper, it is shown that the CM is a generalized modulation form that can 
represent adaptive modulation as well as NOMA. The CM BER performance al-
so matches the similar adaptive modulation and NOMA constellations. The CM 
can also use any type of constellation to represent a multi-user modulation 
scheme. The CM can be implemented as an unequal error protection scheme as 
well as it can combine coding with modulation to further protect the different 
levels independently. 
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