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 Designing uplink systems which group users with adaptive interference 

mitigation techniques is the objective of this research. Reduction in error 

rates and improvement in the energy efficiency is expected with this 

approach in addition to spectral efficiency. This paper reports a study on 

interference mitigation and transmission designs for groups of users in the 

uplinks. New formulations for the interference mitigation are produced based 

on the minimum mean square error and successive interference cancellation 

approach. By reducing the interference, the energy efficiency can be 

maintained and improved although the number of users per group increases. 

The measured error rates of this approach with user grouping achieve gains 

between 1 to 3 dB against that of the existing approach. With reduced 

complexity, the proposed scheme should be viable for practical deployment. 
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1. INTRODUCTION 

The speedy increase in the achievable data rates of the latest cellular network technologies has 

resulted in significant advantages to all Internet users, including both home and business users. Without this 

outstanding data rates offered by the cellular network providers, the various smart phones or devices 

manufactured for billions of people on the planet will be in vain. However, the growing trend in the 

achievable data rates has further sparked the increasing demand for higher speed cellular data services which 

will be served at the price of better or higher energy and spectral efficiency. The majorlimitation of energy 

and spectral efficiency is the interference between symbols, carriers and users [1-3]. Although spectrally 

efficient Orthogonal Frequency Division Multiplexing (OFDM) systems are applied in current cellular 

networks such as long term evolution (LTE)-Advanced networks [4-5], inter-carrier interference may 

increase due to several degrading factors including Doppler effects. Hence, to efficiently utilize the carrier 

bandwidth [6-7], interference mitigation schemes should be implemented at the receiving end.  

With interference cancellation, the shared carrier bandwidth amongst the single-antenna users in a 

virtual multiple input multiple output (MIMO) scenario, as proposed in (e.g.[8,9]) further increases the 

spectral efficiency. Interference cancellation schemes such as successive interference cancellation (SIC) and 

parallel interference cancellation (PIC) schemes are traditionally designed with coding and/or equalization 

techniques such as minimum mean square error (MMSE) to remove interference [1,2]. Multiple-feedback 

(MF) SIC is also proposed to mitigate interference using multiple feedbacks at the receiver. Although the 

conventional MMSE-SIC and power allocation improve the energy efficiency [10-12], the incurred 

computational complexity tends to increase when the number of users increases. The MF-SIC scheme offers 
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lower computational complexity as compared to the MMSE-SIC scheme. However the increasing number of 

multiple feedbacks received during the detection process will also increase the computational complexity. A 

multicast communication approach [13] has been proposed to reduce the complexity but no specific solutions 

on other communication modes are given.    

In this paper, a new simplified MMSE-SIC receiver scheme for high speed transmission systems 

like LTE-Avanced systems is proposed to detect groups of users in multi-user MIMO OFDM systems which 

are widely used in the current and future cellular networks. 

 

 

2. RESEARCH METHOD 

Consider a high-speed MIMO OFDM model with 𝑁𝑢𝑠𝑒𝑟  users, each with a single antenna and 

communicates over the uplinks with the base station having 𝑁𝑟 antennas and 𝑀 frequency sub-carriers. The 

block diagram for the corresponding transmitter and receiver models is shown in Figure 1. The focus of this 

paper is at the receiving part, which is indicated in the diagram using italic fonts, which are the adaptive SIC 

with grouping. Before explaining about this proposed method, the details of the cellular network set up are 

given in this section. The network is isometric, which means that all users are equally distant to the base 

station and the channel state information (CSI) is not available at the receiving side. The OFDM symbols are 

generated using 𝑁-IDFT, as seen in Figure 1, where 𝑁 = 2048 has been widely used for LTE systems. With 

𝑁𝑢 users per group, the number of groups is 𝑁𝐺 = 𝑁𝑢𝑠𝑒𝑟/𝑁𝑢 where the p-th user of the j-th group is 

represented as u(j, p), with 𝑗 = 1,2, ⋯ , 𝑁𝐺 and 𝑝 = 1,2, … , 𝑁𝑢 . The received vector  𝐫𝑗  ∈ ℂ𝑁𝑟𝑁×1 for group 𝑗 

is 

 

𝐫𝑗 = 𝐇𝑗 [

𝚿𝑗𝐚𝑢(𝑗,1)

⋮
𝚿𝑗𝐚𝑢(𝑗,𝑁𝑢)

] + [

𝐧1

⋮
𝐧𝑁𝑟

], (1) 

 

with 𝚿𝑗 ∈ ℂ𝑁×𝑀  as the matrix for mapping the frequency carriers to the users in group  j for ∀𝑗 =

1,2, ⋯ , 𝑁𝐺. The noise vector is represented as 𝐧𝑗 ∈ ℂ𝑁×1. Matrix 𝐇𝑗 ∈ ℂ𝑁𝑟𝑁×𝑁𝑢𝑁 represents the received 

channel gains of group j where 𝐇𝑗 ≜ [𝐇𝑗,1  ⋯ 𝐇𝑗,𝑁𝑢
]. Matrix 𝐇𝑗,𝑝 ∈ ℂ𝑁𝑟𝑁×𝑁 is then defined as the received 

channel matrix of the p-th user from the j-th group, which is not known at the receiving end. After the 

modulation and coding process, the data vector 𝐚𝑢(𝑗,𝑝) ∈ ℂ𝑀×1 from user p of group j is mapped to the 

frequency domain via the Fourier Transform operation. In order to remove the inter symbol interference, the 

cyclic prefix operation is also performed before transmission and after the data vector is received. 

 

 

 
 

Figure 1: The Transmitter and Receiver Model. 

 

 

When the transmitted signal of each user has an equal power spectral density, 𝜎𝑎,𝑢(𝑗,𝑝)
2 , corrupted by 

additive white Gaussian noise with a spectral density, 𝜎𝑛,𝑢(𝑗,𝑝)
2 , the input signal-to-noise ratio (SNR) can be 

represented as 𝜌𝑢(𝑗,𝑝) = 𝜎𝑎,𝑢(𝑗,𝑝)
2 /𝜎𝑛,𝑢(𝑗,𝑝)

2 . By using the MMSE approach, a detection matrix [9],  𝐅𝑗,𝜄𝑝
∈

ℂ𝑀×𝑁𝑟𝑁,  for recovering the received signal can be derived to produce the following expression 

 

𝐅𝑗,𝑝 =  𝚿𝑗
𝐻𝐇𝑗,𝑝

𝐻 𝐕𝑗,𝑝(𝐇𝑗𝐇𝑗
𝐻 + 𝜌𝑢(𝑗,𝑝)

−1 𝐈𝑁𝑟𝑁)
−1

, (2) 
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where 𝐕𝑗,𝑝 =
1

𝜎𝑎,𝑢(𝑗,𝑝)
2 𝐈𝑁𝑟𝑁 . 

 

The interference mitigation technique proposed in this paper is based on the successive interference 

cancellation method. By updating the effective amount of interference experienced by the current user 

received data to be detected, Equation (2) which represents the inverse covariance matrix must be 

recalculated whenever a received data vector is successfully detected in order to exclude the amount of 

interference contributed by the received data which have been successfully recovered. This updated inverse 

matrix, 𝐃𝑗,𝜄𝑝
∈ ℝ𝑁𝑟𝑁×𝑁𝑟𝑁, can be expressed as follows 

 

𝐃𝑗,𝜄𝑝
=  (𝐇𝑗,𝜄1

𝐇𝑗,𝜄1

𝐻 + ⋯ + 𝐇𝑗,𝜄𝑝
𝐇𝑗,𝜄𝑝

𝐻 + 𝜌𝑢(𝑗,𝜄𝑝)
−1 𝐈𝑁𝑟𝑁)

−1

, (3) 

 

where 𝜄𝑝denotes the p-th user of the j-th group. The received channel matrices (eg. 𝐇𝑗,𝜄𝑝
𝐇𝑗,𝜄𝑝

𝐻  ) refer to those 

users 𝜄1, 𝜄2 until 𝜄𝑝, which will be detected, excluding the users which have been successfully detected. Hence, 

a new matrix which is used to perform interference mitigation for detecting the users can be written as 

 

𝐅𝑗,𝜄𝑝
=  𝚿𝑗

𝐻𝐇𝑗,𝜄𝑝

𝐻 𝐕𝑗,𝜄𝑝
𝐃𝑗,𝜄𝑝

, (4) 

 

The matrix in Equation (4) can be used to detect the data vector received from user 𝜄𝑝, which is 

expressed as �̂�𝑢(𝑗,𝜄𝑝) = 𝐅𝑗,𝜄𝑝
�̂�𝑗,𝜄𝑝

, where vector �̂�𝑗,𝜄𝑝
 contains interference only from the later users which have 

not been detected, and is calculated as shown below [14] 

 

�̂�𝑗,𝜄𝑝−1 =  �̂�𝑗,𝜄𝑝
− 𝐇𝑗,𝜄𝑝

𝚿𝑗�̂�𝑢(𝑗,𝜄𝑝), (5) 

 

In this paper, a new formulation is produced based on the successive interference cancellation 

approach to produce a computationally lower transmission model. The main computations are involved in 

determining matrix 𝐃𝑗,𝜄𝑝
 of Equation (3), which is the inverse covariance matrix. For notational convenience, 

the entry of this matrix at row x and column y is expressed as 𝐷𝑗,𝜄𝑝
= [𝐃𝑗,𝜄𝑝

]
𝑥,𝑦

, which is further detailed as 

follows [14] 

 

𝐷𝑗,𝜄𝑝
= {

[𝐂𝑗,𝜄𝑝,𝑛
−1 ]

𝑟+1,𝑠+1
, if  

𝑥−𝑟𝑁

𝑦−𝑠𝑁
= 1

0, elsewhere
 (6) 

 

with 𝑛 = 𝑥 − 𝑟𝑁 = 𝑦 − 𝑠𝑁 for 𝑛 = 1, ⋯ , 𝑁and 𝑟, 𝑠 = 0,1, ⋯ , 𝑁𝑟 − 1.  In the received channel matrix, the 

entry is represented as, 𝐻𝑗,𝑥,𝑦 = [𝐇𝑗]
𝑥,𝑦

. Hence the covariance matrix is rewritten as below [14] 

 

𝐂𝑗,𝜄𝑝,𝑛 = [

𝜍
𝑗,𝑛,𝑛

(𝜄𝑝)
⋯ 𝜍

𝑗,𝑛,𝑛+𝑁𝑟𝑁

(𝜄𝑝)

⋮ ⋱ ⋮

𝜍
𝑗,𝑛+𝑁𝑟𝑁,𝑛

(𝜄𝑝)
⋯ 𝜍

𝑗,𝑛+𝑁𝑟𝑁,𝑛+𝑁𝑟𝑁

(𝜄𝑝)
] (7) 

 

where  

 

𝜍
𝑗,𝑥,𝑦

(𝜄𝑝)
= ∑ 𝐻𝑗,𝑥,𝑙𝐻𝑗,𝑥,𝑙

∗ + 𝜌−1𝜄𝑝

𝑝=1 𝜐(𝑥, 𝑦),

= 𝜍
𝑗,𝑥,𝑦

(𝜄𝑝−1)
+ 𝐻𝑗,𝑥,𝑛+(𝜄𝑝−1)𝑁𝐻𝑗,𝑦,𝑛+(𝜄𝑝−1)𝑁.

∗
    

 

with 𝜐(𝑥, 𝑦) value is unity when 𝑥 = 𝑦 and zero otherwise. The successive interference cancellation 

operation is started from the 𝑁𝑢-th user, which is interfered by transmitted data from all users. Hence the 

detection of this user, which is indicated as 𝜄𝑝 = 𝑁𝑢, is similar to the MMSE detection process, which is also 

simplified and presented in this paper. To complete the interference mitigation process after detecting the 𝑁𝑢-

th user, the interference caused by this newly detected user is removed and the next user i.e. user 𝑁𝑢 − 1 is 
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then detected. The same process continues for all users. Hence, the entries of the interference mitigation 

matrix 𝐅𝑗,𝜄𝑝
 for recovering the received data is written as 

𝐹𝑗,𝑚,𝑦+𝑟𝑁 =
1

𝜎𝑎
2 𝜓𝑗,𝑚,𝑦

∗ ∑ 𝐻𝑗,𝑦+𝑟𝑁,𝑦+𝑠𝑁
∗ 𝐷𝑗,𝑦+𝑟𝑁,𝑦+𝑠𝑁

𝑁𝑟−1
𝑠=0   

 

where 𝐹𝑗,𝑚,𝑦+𝑟𝑁 = [𝐅𝑗,𝜄𝑝
]

𝑛,𝑦+𝑟𝑁
, 𝜓𝑗,𝑚,𝑦 = [𝚿𝑗]

𝑚,𝑦
 for 𝑟 = 0,1, … , 𝑁𝑟 and 𝑚 = 𝜈offset + 1, … , 𝜈offset + 𝑀. In 

the next section, a brief analysis on the spectral and energy efficiency is carried out to measure performance 

of the users in the proposed system. 

 

2.1.  Energy and Spectral Efficiency 
The energy efficiency is determined as follows 

 

𝐸𝐸 =
∑ 10 log(1+𝜌o,𝑢(𝑗,𝑝))

𝑁𝑢
𝑗

𝑁𝑢(𝑃T+𝑃SC)
, (8) 

 

where 𝜌o,𝑢(𝑗,𝑝) is the unbiased signal-to-interference and noise ratio (SINR) [8] given by 𝜌o,𝑢(𝑗,𝑝) =
𝜎2

𝑎,𝑢(𝑗,𝑝)𝐡𝑯
𝑗,𝑧𝐃𝑗,𝑝𝐡𝑗,𝑧

1−𝜎2
𝑎,𝑢(𝑗,𝑝)𝐡𝑯

𝑗,𝑧𝐃𝑗,𝑝𝐡𝑗,𝑧
, where 𝐡𝑗,𝑧 is the 𝑧-th column of 𝐇𝑗, index 𝑧 is given as 𝑧 = 𝜈𝑜 + (𝑝 − 1)𝑁 and 𝜈𝑜 is 

the frequency carrier offset,  𝑃T is the transmit power and 𝑃SC is the load-independent circuit power. Another 

important measurement parameter is the bandwidth efficiency, written as 

 

𝑆𝐸 =
∑ 10 log(1+𝜌o,𝑢(𝑗,𝑝))

𝑁𝑢
𝑗

𝑊
, (9) 

 

where W is the bandwidth allocated to each group. In the next section, a brief analysis on the adaptive 

interferernce mitigation algorithm with user grouping is presented. 

 

2.2.  Adaptive Interference Mitigation Algorithm with User Grouping 
SIC implementation is effective for successively removing interference over a number of signals, 

where each signal belongs to one specific user, provided that the first signal is successfully detected. When 

detecting the next signal, the successfully detected signal will be taken as the ‘interfering signal’ to be 

mitigated. However, when the first signal is failed to be detected, interference mitigation is not possible to be 

carried out for the second signal detection. The same problem happens when any signal, not necessarily the 

first signal, is failed to be detected, the next signal is impossible to be detected via interference mitigation 

method. In order to improve performance of this interference cancellation process, an adaptive approach is 

introduced such that when any signal other than the last signal is failed to be detected, that the algorithm 

chooses another signal, which is yet to be detected, to perform interference mitigation operation and detect 

the signal. If the failed signal is the first signal, then the algorithm will choose another signal to be detected 

as the first signal. This algorithm is summarized in Figure 2. 

 

 

 
 

Figure 2: Adaptive Successive Interference Cancellation with User Grouping 
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3. RESULTS AND ANALYSIS  

Several tests have been carried out to observe performance of the proposed models. The 

measurement parameters are the energy efficiency, spectral efficiency and user energy efficiency. The 

physical channel propagation parameters follow the standard 3GPP LTE specifications for Pedestrian A 

channel model, which is specified in the same manner presented in [13-14], where P_SC=130W, 

W=10MHz,〖 N〗_o=-174dBm/Hz. The number N_u of users per group ranges between one to four and the 

number N_r of receiving antennas is four. The radio cells are isometric, assuming all users are at the same 

distance from the base station. 

In Figure 3 and Figure 4, the bit error rate (BER) and the packet error rate (PER) results are plotted 

after running the proposed scheme, which is ImAC SIC-G to be compared with the other two existing 

schemes, which are Joint SIC-G [8] and AC SIC-G [13]. Each of these three schemes is separately run by 

setting N_u users to transmit randomly generated symbols in blocks of 12 symbols each over the uplink 

direction. When the symbols are received, the BER and PER are measured at the receiving antennas by 

computing the number of successfully detected bits over the total number of bits transmitted within all 

transmitted symbols, where each symbol consists of two bits. The input SNR is set in the range between -2 

dB to 3 dB. It can be observed from Figure 3 and Figure 4 that the proposed ImAC SIC-G scheme performed 

better than the two existing methods, where the recorded BER and PER are about 1dB lower than those of the 

existing methods when achieving BERs between 〖10〗^(-1)  to 〖10〗^(-3). As this BER and PER reductions 

are observed at low input SNRs, it can be considered as useful and significant since mobile transmission is 

needed at low input SNRs due to certain circumstances such as the low battery level. 

 

 

 
 

Figure 3. BER versus Input SNR 

 

 

Figure. 5 shows the individual user PER observed when the test is run on the proposed ImAC SIC-G 

scheme and the existing Joint SIC-G. There are four users divided into two groups, each with two users. The 

last two digits on the name of the schemes, like Joint SIC-G12 for instance, refers to the group and the user, 

which in this case refers to group 1 and user 2. It is clear that the user PERs of the ImAC SIC-G scheme is 

lower than those of the Joint SIC-G with gains between 0.5 to 2 dB. 
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Figure 4. PER versus Input SNR. 

 

 

In order to ensure that the energy efficiency increases, the interference mitigation model is proposed 

in this paper based on the SIC approach to increase the achievable capacity whilst reducing the incurred 

computational complexity. It can be seen that the proposed interference mitigation model has a gain of about 

2dB to 3dB when a target energy efficiency of 0.3 Mbps/Joule, between Figure 3 and Figure 4. Apart from 

fixing the number of users per group, another test is run to observe the best grouping for a given total number 

of users. In this test, a total of four users are assumed in the radio cell and each group is allowed to have a 

different number of users. 

 

 

 
 

Figure 5. User PER versus input SNR. 

 

 

The total energy efficiency, termed as user energy efficiency, is then calculated using Equation (10). 

Based on the results shown in Figure 6, it is observed that the highest user energy efficiency is obtained when 

each group is equally allocated with two users. The lowest user energy efficiency is when no grouping is 

done. The maximum number of groups in this test is two, to avoid any further increase in the spectral 

efficiency of the system. 
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Figure 6. Energy Efficiency versus Input SNR. 

 

 

Figure 6 and 7 shows the energy and spectral efficiency measured using Equation (8) and (9) 

respectively. The efficiency values are measured for a range of input SNRs from 0 to 60 dB. From the two 

figures, it is observed that the proposed ImAC SIC-G scheme have better gains of 1 to 3 dB. This is mainly 

contributed by the adaptive interference mitigation operation implemented which reduces the interference 

hence increasing the SINR and both the energy efficiency as well as spectral efficiency. 

 

 

 
 

Figure 7. Spectral Efficiency versus Input SNR. 

 

 

4. CONCLUSION 

The new receiver models designed based on the proposed adaptive interference mitigation method 

have been demonstrated in this paper to reduce bit and packet error rates especially at low SNRs when the 

amount interference is considerably high. Furthermore, the energy efficiency is also improved when the 

interference mitigation scheme is in place, whilst increasing the spectral efficiency. 
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