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Abstract— Heterogeneous network (HetNet) is an attractive 

solution for future cellular networks with high data rate and 

coverage requirements. In HetNets, small cells such as micro cells, 

pico cells, femto cells and relay node (RN) are added to the 

network of macro cells in the same region. A large number of low 

power RNs produces new cell edges with significant intra-cell and 

inter-cell interferences. In the uplink (UL) scenarios of time-

division based HetNets with RN, the user equipment (UE) desired 

signal may be interfered by the transmissions of the co-channel 

UEs during the first time slot and by the transmissions of the co-

channel UEs or RNs during the second time slot. The interference 

caused by the RNs may significantly degrade the UE signal. UL 

transmission power control (PC) is essential for mitigating 

interference and, as a result, enhancing the cell edge and overall 

system performance. This research proposes a PC algorithm in 

order to mitigate the UL interference in 5g relay-based HetNets. 

This research also investigates the UL performance of HetNets 

when PC is applied at the RNs. Simulation results indicate that UL 

PC at the RNs greatly reduces average interference and improves 

average UL signal-to-interference-plus-noise ratio (SINR) and 

average UL end-to-end throughput compared to the situation in 

which UL PC is not implemented.  

Keywords— Power control; 5G; Relay Node (RN); HetNets; 

Ultra Densification Network (UDN) 

I. INTRODUCTION  

In recent years, mobile traffic has increased tremendously, 
mostly as a result of the explosive growth of smart wireless 
devices and bandwidth-intensive applications [1]. The number 
of cellular broadband subscribers will increase to 8.8 billion by 
2025 [2] and the network’s data traffic will reach 351 Exabyte 
by 2025 [3, 4]. Furthermore, fifth generation (5G) networks are 
designed to enhance the network capacity by a factor of 1000 
times, improve peak data rate 10-100 times, increase the spectral 
efficiency 5-15 times, reduce latency 10-30 times and achieve 

10 times energy efficiency when compared to the 4G networks 
[5, 6]. Ultra-cell-densification is a major strategy supported by 
5G to meet the increased data traffic needs and service 
requirements [7]. In ultra-cell-densification, operators deploy 
low cost and low power small cells in the same geographic 
region of macro cells to form heterogeneous networks 
(HetNets). The 3rd generation partnership project (3GPP) 
introduced the HetNet in Release 12 [8]. HetNets include 
different kinds of small cells with different capabilities. These 
small cells may be remote radio head (RRH), relay nodes (RNs), 
micro cells, pico cells and femto cells [7, 9]. HetNet permits 
these different kinds of small cells to coexist with the macro 
cells by sharing the same spectrum resources (SRs), which can 
significantly improve spectral efficiency and reduce uncovered 
areas. Consequently, there are three spectral sharing strategies 
in HetNets [6, 10], i.e., 

- Overlay Spectrum Sharing: In this strategy, small-cell 
users (SUs) are allowed to use the SRs that are not used by 
macro cell users (MUs).  

- Underlay Spectrum Sharing: In this strategy, the same 
SRs can be shared between SUs and MUs at the same time. 
However, the interference power from SUs’ transmitters (SUTs) 
to each MU’s receiver (MUR) need to be effectively controlled 
by introducing a cross-tier interference power constraint.  

- Hybrid Spectrum Sharing: The SRs are categorized 
into two types: 1) SRs support high data rate that are only used 
by SUs, and 2) SRs used by both MUs and SUs (i.e., support 
high spectrum utilization). The SU with exclusive SRs can attain 
a higher transmission rate by assigning more transmission power 
as there is no co-channel interference caused by MUs’ 
transmitters (MUTs). Moreover, the low-rate SUs can share the 
SRs with MUs to support other communication requirements. 
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However, the first strategy for spectrum sharing between 
SUs and MUs is used in this paper. This strategy is chosen in 
order to make SRs orthogonal within each cell and, hence, 
eliminate the intra-cell interference. However, the work 
proposed in this paper can be extended to include the second and 
third SRs strategies.   

Despite the significant advantages of improving the system 
performance of 5G networks, the deployment of 5G HetNets in 
practical cases is faced with many challenges [1]. In the HetNets, 
typical problems include interference, limited energy, backhaul, 
high costs in small cell deployment and management, handover, 
spectrum reuse, and limited infrastructure resources. The 
concurrent operations and the close proximity of neighbouring 
macro and small cells in the HetNets environment lead to high 
interferences that limit the user's quality of experience and 
reduce the current 5G expectations [11]. Furthermore, the level 
of transmission power of both macro cell and small cell plays an 
important role in the interference and coverage performance of 
HetNets [28]. Therefore, the management, mitigation, and 
cancellation of interferences play a critical part in the current 5G 
mobile communication [12]. Thus, power control (PC) problem 
has already received significant attention and has been studied 
extensively in the literature as the most critical aspect in 
managing the interference in both uplink (UL) and downlink 
(DL) of heterogeneous networks [29-33]. In this paper, we 
propose an UL power control to mitigate the interference and 
improve the UL performance of 5G relay-based HetNets.. 

The rest of this paper is structured as follows. A detailed 
overview of relay-based heterogeneous network is presented in 
section II. The simulation model is described in Section III. 
Analysis and discussion of the simulation results are presented 
in Section IV. Finally, the conclusion of the paper is made in 
Section V. 

II. RELAY-BASED HETNETS 

Relaying is a promising technology for next-generation 
wireless communication that was introduced by 3GPP in Rel-10 
[11]. RNs are the least expensive low-power base stations which 
are usually deployed by operators to provide enhanced coverage 
and capacity at cell edges, featuring what is considered as 
wireless backhaul. However, the academic researchers and 
industrial experts performed extensive researches and as a result 
they advised that RN can be applied in cellular communication 
to enhance throughput, energy efficiency, system capacity 
besides decreasing power consumption [11]. Thus, the future 
network, which is a combination of different sizes of small cells 
and RNs networks offers a proliferation of throughput and 
increases energy and spectral efficiency for both cell-centre and 
cell-edge users. Also, multi-hopping through various nodes 
reduces power consumption as well as delay [12].  In relaying, 
the UEs communicate with the RN, which in turn communicates 
with a Donor eNB (DeNB) and vice versa.   

LTE-Advanced relaying is different to the use of a repeater 
(Layer 1) that re-broadcasts the signal. The relaying technology 
in LTE-Advanced is based on layer 3 relay. Layer 3 RN is a 
decode-and-forward (DF) relay that receives, demodulates and 
decodes the incoming signal, applies any error correction and 
then retransmits a new signal [13]. With that processing, both 
the interference and noise at the backhaul link are eliminated and 

a clear signal is transmitted from RN. The layer 3 RNs have 
unique physical cell IDs different from DeNB and transmit their 
own synchronization channels, reference symbols and so on. 
Also, the RN appears to the UEs as a normal eNB that terminates 
the radio interface and controls its cell [14].  

With respect to the resource isolation between access and 
backhaul links, relay operation for LTE-Advanced can be 
classified into in-band (Type 1) relaying and out-band (Type 
1a). In out-band relaying, the backhaul DeNB-RN link operates 
on a different carrier frequency utilized by RN-UE radio access 
for UL and DL [14]. Consequently, full duplex (FD) relay 
operation can be achieved. In addition, the frequency domain 
isolation between backhaul and access links results in reduced 
interference. On the other hand, in in-band relaying, the 
communication in wireless backhaul between DeNB and RN 
takes place at the same carrier frequency as the communication 
in the radio access link between the RN and UE. Therefore, half 
duplex (HD) relay operation can be realized. However, out-band 
relaying needs more resource blocks since two channels are 
required for the access and backhaul links. Due to limited 
spectrum resources, this technique is completely undesirable, 
and in-band relay has been the focal point of 3GPP and future 
wireless communication [15].  

In release 10, time-domain separation between access and 
backhaul links was introduced to achieve the in-band relay 
operation; which implies that, on the DL carrier frequency at a 
given time, the RN either transmits on the access link or receives 
on the backhaul link. Likewise, at a given time on the UL carrier 
frequency the RN either receives on the access link or transmits 
on the backhaul link. In the DL, during the first time slot, the 
base station transmits the signal to the RN and it also sends the 
signal to the UE directly connected to it. In the second time slot, 
the RN forwards the transmission to the UE and the base station 
transmits a new signal to the UE directly connected to it. On the 
other hand, in the UL, the directly connected user sends the 
transmission to the base station during the first and second time 
slots. For the relay users, on the other hand, the user transmits 
the signal to the RN during the first time slot, whereas the RN 
forwards the received signal to the base station during the second 
time slot. 

Furthermore, the UE’s signal may be interfered by the 
transmissions of the co-channel UEs during the first time slot 
whereas it may be interfered by the transmissions of the co-
channel UEs or RNs during the second time slot. However, if 
the interference comes from the co-channel RNs during the 
second time slot, then the desired UE signal may be severely 
degraded by the transmissions of the interfering RNs. This is due 
to the fact that the transmission power of the RNs is higher than 
the transmission power of the UEs. Hence, UL power control at 
the RNs is needed in order to mitigate the interference caused by 
the RNs, thereby allowing the UE to transmit during the second 
time slot using an modulation and coding scheme (MCS) with 
spectral efficiency that is near or similar to that of first time slot. 

III. SIMULATION MODEL  

A. Network Model 

A system level simulation implemented in MATLAB is used 
in this paper to investigate the UL performance of the 



interference-limited relay-based HetNets. Seven hexagonal cells 
with a wrap-around structure [16] is considered for the simulated 
network. The wrap-round is considered in order to account for 
the mobility of users particularly on the boundary between two 
adjacent cell which is called a boundary effect. In each cell, there 
is one gNB positioned at the centre of the cell in addition to 12 
fixed RNs (FRNs) as shown in Fig. 1. In Each cell, 6 RNs are 

placed between gNB and cell boundary (at R×)32( , where R 

is cell radius) on the line that links the cell’s centre to one of the 
six cell vertices while the other 6 RNs are placed (at 

))33( R× on the line that links the cell’s centre to the mid of 

each hexagon’s side. The RNs are assumed to be in-band DF 
layer 3 relays [12]. 30 UEs are deployed randomly in a uniform 
distribution all over the centre cell and the first and second tier 
cells.  In each simulation iteration, the UEs randomly choose its 
direction of movement by means of the modified random 
direction mobility model. At the first simulation iteration, the 
direction of each UE is chosen randomly using the uniform 
distribution in the range (0, 360) degrees. After that, each UE is 
randomly designated a new direction in the range ( − 45, 45)  
degrees with respect to its former direction [17]. However, the 
users in the second tier cells are fixed and the purpose of 
introducing them is to generate interference to the users of the 
first tier cells. Meanwhile, the considered traffic model is the 
full-buffer model in which each UE has data to transmit or 
receive in the buffer at all times [18]. 5G makes use of time-
frequency resource allocation, in which the frequency 
bandwidth is split into orthogonal units called physical resource 
blocks (PRBs), each of which is allocated separately. Each user 
is assigned one PRB, which consists of a group of 12 sub-
carriers and the bandwidth of every sub-carrier is 15kHz. The 
hard handover (HHO) algorithm defined in [19, 20] is 
considered. The main parameters of the simulation are 
summarized in Table I [10, 21]. In this simulation, we 
investigate and compare the UL performance of two scenarios; 
namely scenario 1 wherein no PC is used at the RNs and 
scenario 2 in which the PC at the RNs is used. The performance 
metrics are the average UL signal-to-interference-plus-noise 
ratio (SINR) and average UL end-to-end (e2e) throughput. 

 

Fig. 1 Simulated cellular layout 

TABLE I.  SIMULATION PARAMETERS 

Parameter Value 

Cell radius 500 m 

Carrier frequency  3.5 GHz 

Channel bandwidth  10 MHz 

FFT Size  1024  

UE distribution Uniform random distribution 

HHO A3 Hysteresis 3 dB  

A3 time-to-trigger (TTT) 160 ms 

Transmitted power gNB: 46 dBm, RN: maximum 33 
dBm, UE: 23 dBm  

Standard deviation of 
shadowing  

Access links: 10 dB,  

Backhaul links: 4 dB   
De-correlation distance of 
shadowing 

25 m  

Antenna heights gNB: 30 m, RN: 15m, UE: 1.5m 

UE speed  30 km/hr 

Traffic model Full buffer  

Noise figure gNB & RN: 5 dB, UE: 9 dB  

B. Propagation Model 

Both macro and small cells in an urban area are considered in 
our simulation. It is assumed that the backhaul link between the 
gNB and RN is reliable and in line of sight (LOS), whereas the 
access links between the gNB and UE and between RN and UE 
are in non LOS (NLOS). The WINNER II Type 5a and Type 5f 
path loss models are considered for the backhaul LOS and 
NLOS links, respectively. In addition, the WINNER II Type C2 
model is utilized for calculating the path loss of the access links 
for both macro and small cell [22, 23] as follows: 
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where d  is the distance between gNBs/RNs and UEs (in meter) 

with kmdm 550 << , BSh  is the antenna height of gNB/RN, 

and f  is the carrier frequency in GHz with .62 GHzfGHz ≤≤  

 For modeling of the large-scale shadow fading, a lognormal 
random variable is used, with zero mean and standard deviations 
for the access links and the backhaul links of 10 dB and 4 dB, 
respectively. The temporal correlation of the shadowing is taken 
into account with a decorrelation distance of 25 m. 

C. Modeling of the Average UL SINR 

It is assumed that all PRBs are assigned in all cells 
simultaneously. The average UL SINR measured at the gNB/RN 
of each PRB j  for each user k can be written as 
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where j
skP ,

 is the average UL received power of PRB j  which 

takes into consideration the path loss and large-scale shadow 
fading between the user terminal k and the serving station s , 

j
siI ,  is the average interference experienced by user k  at its 

serving station s  that is caused by the UEs/RNs of cell i  at 

PRB j , the subscripts s  and i  denote the serving cell and the 

interfering cell, respectively, iΦ  is the group of interfering cells 

and NP  is the power of receiver noise. 

D. Modulation and Coding Rate 

The average UL SINR measured at the gNB/RN of each PRB 
j  is then quantized into a channel quality indicator (CQI) value 

indicative of the highest modulation and coding rate the UE 
may use while keeping a packet error rate (PER) below a target 
of 10% as shown in Table II [24-26]. The gNB/RN then feeds 
back these CQI values to the UE. 

TABLE II.   SINR AND CQI MAPPING TO MODULATION AND CODING RATE 

CQI Modulation 

Code 

rate 

 (x 1024) 

Spectral 

Efficiency (SE) 

bits/symbol) 

SINR 

(dB) 

1 QPSK 78 0.1523 -6.936 

2 QPSK 120 0.2344 -5.147 

3 QPSK 193 0.3770 -3.180 

4 QPSK 308 0.6016 -1.253 

5 QPSK 449 0.8770 0.761 

6 QPSK 602 1.1758 2.699 

7 16QAM 378 1.4766 4.694 

8 16QAM 490 1.9141 6.525 

9 16QAM 616 2.4063 8.573 

10 64QAM 466 2.7305 10.366 

11 64QAM 567 3.3223 12.289 

12 64QAM 666 3.9023 14.173 

13 64QAM 772 4.5234 15.888 

14 64QAM 873 5.1152 17.814 

15 64QAM 948 5.5547 19.829 

 

E. Uplink Power Control 

When the PC is used at the RN, the RN’s UL transmitted power 

is adjusted so that all RNs achieve the target SINR )( tγ

according to their channel conditions and encountered 
interference levels. Hence, the UL transmitted power of the RN 

r ( rP ) can be updated as follows: 
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where m is the frame index, 
max

rP  is the maximum RN 

transmitted power, 
min

rP  is the minimum RN transmitted 

power and ))(( mPX r  is given by: 
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where )(mPr  is the transmitted power of the RN at the 
thm

frame, tγ  is the target SINR of the R →  D link and 

)(2, mRDγ   is the average UL SINR of the R → D link at the 

frame m  that can be given by: 
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where 
rcG  is the link gain that captures the effects of the path 

loss, the shadow fading and the transmitting and receiving 
antenna gains between RN r  and serving gNB of cell c , 

icI  is 

the average interference comes from cell i  to the gNB of cell c  

and NP  is the noise power of the gNB of cell c . 

F. Average end-to-end (e2e) Throughput 

 The average e2e throughput for the relay-based 
transmission can be calculated as [27]: 
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where )( 1,SRSE γ is the spectral efficiency for the selected MCS 

for the source (UE) to RN link during time slot 1, and

)( 2,RDSE γ is the spectral efficiency for the selected MCS for 

the RN to destination (gNB) link during time slot 2. 

The average e2e throughput of the direct link between 

source (UE) and destination (gNB) (S→D) can be given by: 

  ( ))()(
2

1
2,1,,2 SDSDBee SESETh γγ +=                   (7) 

where )( ,iSDSE γ is the spectral efficiency of the MCS selected for 

the source (UE) to destination (gNB) link during time slot i  and 

the factor 
2

1  accounts for the fact that two time slots with equal 

duration is needed in this case. 

IV. SIMULATION RESULTS AND DISCUSSIONS 

Fig. 2 shows the average UL interference experienced by UE 
during the first and the second time slots for the scenario 1 and 
scenario 2. It's obvious from this figure that for scenario 1 
without PC the interference during the second time slot is higher 
than the interference during the first time slot. This is because 
the interference during the second time slot is caused by the UEs 
and/or RNs of other co-channel cells. On the other hand, the 
interference during the first time slot is caused by the UEs of 
other cells only. In fact, in scenario 1 the average UL 
interference during the first time slot is dB4.82−  whereas the 

average UL interference during the second time slot is .2.72 dB−

It is also noted from Figure 1 that for scenario 2 with PC the 
average UL interference during the first and second time slots 
are almost the same and equals -82.4 dB. This is because of 



using PC at the RNs that reduces RNs’ UL transmitted power 
and hence reducing UL interference during second time slot. 

 

Fig. 2  Average UL interference during the first and second time slots for 
both scenarios  

 Fig. 3 depicts the cumulative distribution function (CDF) of 
the average UL e2e throughput for all users (users of RNs and 
users of gNBs) for the two simulated scenarios. As shown in the 
figure, the average UL e2e throughput for scenario 2 with PC is 
better than that of scenario 1 without PC. However, 50% of the 
average UL e2e throughput is higher than 1.093 bps/Hz in 
scenario 1 whereas it is higher than 1.406 bps/Hz in scenario 2. 
The average UL e2e throughput for scenario 2 is better by 28.6% 
than the scenario 1. 

 

Fig. 3  CDF of average UL e2e throughput for both scenarios for all UEs 

 Fig. 4. depicts the CDF of the average UL e2e throughput 
for the two simulated scenarios considering only the UEs 
connected with macro gNBs. The reason for considering the 
UEs connected with gNBs as their serving station is that those 
users are affected by the interference caused by the RNs during 

the second time slot and hence their performance are 
significantly enhanced when the transmission power of the RNs 
is reduced due to the use of PC. As shown in the figure, the 
average UL e2e throughput for scenario 2 with PC is 
significantly better than that of scenario 1 without PC. However, 
in scenario 1, 50% of the average UL e2e throughput is higher 
than 1.764 bps/Hz whereas it is higher than 2.481 bps/Hz in 
scenario 2. The average UL e2e throughput for scenario 2 is 
better by 40.6% than the scenario 1. 

 

Fig. 4  CDF of Average UL e2e throughput for both scenarios for gNBs’ 
UEs only 

 Fig. 5. depicts the CDF of the average UL SINR for both 
scenario 1 and 2. In this figure, only the users of gNBs are 
considered. It is clear from this figure that scenario 2 with PC 
achieves higher UL SINR compared to scenario 1 without PC. 
In fact, 50% of the average UL SINR is higher than 3.055 dB in 
scenario 1 while 50% of the average UL SINR is higher than 
8.202 dB in scenario 2. Hence, for users connected with gNBs, 
using PC in scenario 2 improves the UL SINR by 168.48% 
compared to that of scenario 1 without PC. This is due to the fact 
that users of gNBs are greatly affected by the interference caused 
by RNs during the second time slot. Hence, using PC at the RN 
will decrease RNs’ transmitted power which results in reducing 
the interference during the second time slot and improving the 
SINR performance of the UEs connected to gNBs. 

 Fig. 6 illustrates the average UL SINR for gNBs’ UEs 

only at different values of the target UL SINR )( tγ  required at 

the DR → link. It is obvious from this figure that the proposed 
scenario 2 with PC significantly outperforms scenario 1 without 

PC at the different values of tγ . However, as the required SINR 

in the DR →  link )( tγ increases, the performance difference 

between scenario 1 and scenario 2 decreases. This is because of 

that at low values of tγ , the PC algorithm significantly 

decreases the RNs’ transmitted power to meet the small value of 

tγ  which results in lower interference during second time slot. 

On the other hand, when the target UL SINR in DR →  link 
increases, the UL PC algorithm increases the RNs’ transmitted 
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power in order to satisfy the required tγ  in which case the UL 

interference during the second time slot is increased and the 

hence the UL SINR is decreased. In fact, at dBt 5=γ , the 

average UL SINR for scenario 1 and 2 are 8.081 dB and 2.897 

dB, respectively. On the contrary, at dBt 30=γ , the average UL 

SINR for scenario 1 and 2 are 6.187 dB and 2.897 dB, 
respectively. However, at dBt 40=γ , both scenarios 1 and 2 

achieve the same UL SINR. This is because of the high tγ that 

makes RNs in scenario 2 transmit using high transmitted power 
that is similar or near to the transmitted power used in scenario 
1 without PC. 

 

Fig. 5  CDF of Average UL SINR for gNB’s users only 

 

Fig. 6  Average UL SINR for gNBs’ UE only at different value of the UL 

SINR required in the DR → link, tγ  

 Fig. 7 shows the average UL e2e throughput for gNBs’ UE 

only at different values of the target UL SINR )( tγ  required at 

the backhaul DR →  link. It is obvious from this figure that the 

proposed scenario 2 with PC significantly outperforms scenario 

1 without PC at the different values of tγ . However, as the 

required SINR in the DR →  link )( tγ increases, the difference 

in the average UL e2e throughput between scenario 1 and 

scenario 2 decreases. In fact, at dBt 5=γ , the average UL e2e 

throughput for scenarios 1 and 2 are 2.482 bps/Hz and 1.778 

bps/Hz, respectively. On the contrary, at dBt 30=γ , the 

average UL e2e throughput for scenarios 1 and 2 are 2.139 
bps/Hz and 1.778 bps/Hz, respectively. However, at 

,40dBt =γ  both scenarios 1 and 2 achieve the same UL e2e 

throughput. It should also be noted that the average UL e2e 

throughput for scenario 1 is constant as tγ  increases. This is 

because of the fixed RNs transmitted powers used in scenario 1 
which results in fixed UL interference caused by RNs to the 
gNBs’ UEs during the second time slot which therefore leads to 
fixed UL e2e throughput for gNBs’ UEs. 

 

Fig. 7  Average e2e throughput for gNBs’ UE only at different value of 

the UL SINR required in the DR → link, tγ  

V. CONCLUSION 

 In this paper, an efficient PC is proposed in order to mitigate 
the UL interference in 5G relay-based HetNets. Furthermore, the 
impact of PC at the RNs on the UL performance of 5G relay-
based HetNets is investigated. Two scenarios are examined and 
compared: scenario 1 in which the PC at the RNs is not utilized 
and the proposed scenario 2 in which the PC at the RNs is 
utilized. Using UL PC at the RNs greatly improves the UL 
performance by reducing interference and increasing the 
average UL SINR and the average UL e2e throughput according 
to the simulations results. Simulation results also indicate that 
the users connected to gNBs benefit greatly from implementing 
UL PC at the RNs. This is due to the fact that the users of gNBs 
are greatly affected by the high interference created by the RNs' 
transmissions and using PC reduces RNs’ transmission power 
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and interference during the second time slot which results in 
enhancing performance of UEs during the second time slot. 
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