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Abstract 

Recently, femtocell-based 5G is the hottest radio access technology, that meet the exponentially increased 

demand. Intelligent allocation of the resources and interference management issues are the substantial 

challenges in such context. In this journal, we propose a joint power and channel allocation algorithms with 

Adaptive Modulation and Coding (AMC) for downlink. A linear optimization models for this transmission 

are adopted and resolved. Power, modulation and coding schemes are independently assigned to each user 

over each allocated subchannel. The user differentiation strategy ensures the QoS guarantee with respect to 

the priority level of each user. As trade-off between distributed and centralized architectures, we consider a 

clustered network architecture. It combines the high performance and the low computational complexity 

advantageous effects. Extensive simulations prove that our proposals outperform different techniques in the 

literature. We consider different metrics for performance evaluation such as spectral efficiency, through put 

satisfaction rate, user outage and transmission power. 

 

Keywords: 5G, LTE, OFDMA, AMC, QoS, Resource Allocation, Femtocell, Network Architecture. 

 

1. Introduction 

5G radio access technology offers a ‘hyper-connected society’ where mobile plays the most substantial role 

in people’s live. This future mobile generation is adopted as the enhancement of the previous generation 

technology such as the 4G that is not entirely deployed yet. 5G will provide better speeds and coverage than 

the current 4G. 5G operates with a 5GHz signal and is set to offer speeds of up to 1 Gb/s for tens of 

connections or tens of Mb/s for tens of thousands of connections. Huawei, a major player in the Chinese 

mobile market, believes 5G will provide speeds 100x faster than 4G LTE offers. 5G also increases network 

expandability up to hundreds of thousands of connections. 
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Main design objectives for 5G are: 1) realization of massive capacity and connectivity, 2) support to very 

diverse set of services, applications, users and requirements, and 3) efficient and flexible utilization of all 

available non-contiguous spectrum resources [2, 10, 12, 11].Recently, more than 50% of total voice calls 

and more than 70% of data traffic are established indoors (home and enterprises) [26]. However, transmitted 

signal from Macrocell Base Station (MBS) is weakly received by the indoor User Equipment (UE) due to 

the penetration loss and barriers absorption effect causing a degradation of the signal quality. Unfortunately, 

the architectures mentioned above cannot guarantee the satisfied indoor coverage. Therefore, basing on the 

fact that the best way to increase the system capacity is by decreasing cell size or the transmitter-receiver 

distance, a new architecture appears and consists to deploy a small size home base station randomly by an 

end user (femto:10
−15

size order). The femtocell base stations also called Femtocell Access Point (FAP) are 

connected to the MBS through a broadband connection (e.g., ADSL, fiber optic,etc.). This is the Femtocell 

architecture that first improve the coverage in indoor environments, and secondly increase system capacity 

and spatial reuse by reducing cell sizes and offloading macrocells[23]. 

Our contribution focuses on the downlink LTE-based femtocell network where the multiuser access 

technology used is the OFDMA (adopted by the 3GPP LTE system). In this case, users attempt to access the 

time-frequency grid region composed from several physical resource blocks. In the downlink case, there is 

no constraint on the manner to allocate the resource blocks for each user, but the interference on each 

allocated resource block must be mitigated. Our objective is to allocate resource blocks based on the link 

adaptation strategy in both senses of: 1) power control and 2) adaptive modulation and coding on each 

resource block. In fact, the link status is qualified by the Signal-to-Interference-plus-Noise Ratio (SINR) 

parameter for each resource block. Thus, each femtocell base station transmits enough power to serve its 

own users while minimizing interference to neighboring users. It respects a minimum required SINR level 

for reliable signal reception and adaptively it assigns higher transmit power to the cell-edge users compared 

to less interfered closed-center users. On other hand, the modulation and channel coding schemes are 

combined together to provide a rating amount as additional resources to be exploited. Indeed, the femtocell 

adaptively assigns modulation and coding scheme (MCS) for users in accordance to the channel quality, 

respecting a target Block Error Rate (BLER). 

In the downlink scenario, different approaches are performed to mitigate the co-tier/cross-tier interferences 

of the OFDMA-femtocell networks [11, 13, 16, 19, 17]. The main objective is how the available resources 

can be efficiently exploited in order to achieve overall operator-user system benefit goals. An approach 

based on the power control when each FAP aims to reduce the transmission power to mitigate interference. 

Advantageous side of such approach is evidenced since the base stations can share the entire bandwidth 

while cooperating about the interference. 

In [15], authors combine between the clustering and the power control approaches taking into account the 

users differentiation as QoS impact. They present an optimization approach to solve the resource allocation 

and interference mitigation problems for the downlink co-tier femtocell network. All aforementioned works 

deal with resource allocation problem in terms of RB and power transmission. However, none of them 

addresses to the modulation schemes and channel coding. Recently, this method is progressively introduced 

in the literature [18, 21, 25, 24]. The use of the AMC technique in an OFDMA-WIMAX system is discussed 

in [14, 18].Authors in [17] introduce the AMC scheme in the OFDMA-LTE network for the resource 

allocation and interference management context. The research consists to allocate MCS, RB and power. 

They use a meta-heuristic way to obtain the suitable MCS, which is a complex method with a sequential 

problem resolution. Thus, it is not suitable for real-time and delay sensitive applications. 

The rest of this paper is organized as follows. In Section II, we describe the system model. In Section III, we 

present the adaptive modulation and coding technique. In Section IV, we present and explain our algorithms 
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on downlink resources allocation approaches. Simulation metrics and result evaluation are provided in 

Section V and VI respectively. Finally, the conclusions are drawn in Section VII. 

 

 
Figure 1: Two-tier Femto-Macro Network 

 

2. System Model and Description 

We present in this section a global description of our system including the network model, the physical 

propagation model and lastly summarize all notations used in the sequel. Two-tier femto-

macroheterogeneous network is assumed, where a set F of N Femtocells base stations (FBSs), also known as 

Femtocell Access Points (FAPs), submerge in a macrocell base station coverage area (Figure 1). As 

femtocell network architecture, we distinguish between three different categories known in the literature: 

• Centralized: in this case, the scheduling and the resource allocation take place uniquely at a centralized 

base station referred as allocator. This central scheduling collects information about available resources, 

user positions and channel quality measurements. All users send their requests and the allocator responds 

considering the available resources and the interference relative to each user. The main advantage of this 

way is the high accuracy and service performance since all necessary allocation parameters are known. 

However, it cannot be applied to dense networks, since the allocator gets heavily loaded and the 

bottleneck connection increases the network complexity. 

 

• Distributed: conversely, in the distributed way, each FAP presents a self-scheduling to allocate resources 

for its own users. It should be able to learn about the surrounding environment and efficiently allocate 

resource to ensure satisfied user experience. This approach reduces the network complexity especially 

for high density networks. However, due to the lack of knowledge about the surrounding, this way is less 

reliable. 

 

• Clustered: in order to tradeoff between the centralized and the distributed techniques, a hybrid approach 

is adopted in many references [19, 16]. It aims to enhance scheduling reliability while reducing the 

network complexity. Several neighboring femtocells constitute one entity basing on the mutual 

interference criterion. The scenario is explained as follows: 

 

- First, each FAP collects the knowledge about the surrounding network by sensing the transmissions 

of the neighboring cells as well as receiving reports from its own users. 
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- Second, a set of one-hop neighbors interfering FAPs is formed by each FAP regarding to the 

received knowledge. The element number of this set is the basic-key useful for constituting the 

clusters, so-called “interference degree”. 

 

- Third, each FAP interference degree is broadcasted to each element of the set. 

 

- Final, the FAP that has the highest interference degree is selected as the cluster head (CH) and others 

FAP are the cluster members. 

 

The cluster architecture is a promising approach for urban dense environment, since it reduces the bottleneck 

and complexity while providing relative knowledge about the FAPs cluster members. 

 

2.1. Propagation Model 

The indoor femtocell base stations (FAPs) are assumed to be in a corridor or in rooms. Thus, two link types 

are considered: corridor-to-corridor link referred to the line of sight (LOS) case and corridor-to-room link 

referred to the non-line of sight (NLOS) case. In addition, for rooms farther way from the corridor, wall-

absorptions must be applied to the walls parallel to the corridors. Further, Floor Loss (FL) of the vertical 

radiations for propagation from floor to floor is modeled, and the Floor Loss must be added to the path-loss 

calculated for each floor. Therefore, the A1-typegeneralized path loss model is considered as the 

propagation model for the frequency range 2 – 6GHz developed in WINNER [8]. The path loss models are 

thus summarized in the following form: 

[ ]( ) [ ]
X

GHzf
CBmdAPL c +







++=
0.5

loglog 1010
                             (1) 

In Equation 1, d is the distance transmitter to receiver in [m], fc is the carrier frequency in [GHz], the fitting 

parameter A includes the path-loss exponent, parameter B is the intercept, C describes the path loss 

frequency dependence, the shadow fading distribution is log-normal. X is an optional, environment-specific 

term. 

 

2.2. Notations 

A list of notations is presented in what follows summarizing essential parameters useful in this paper: 

• F = {F1, ..., FN} is the set of FAPs, where N is the total number of femtocells. 

• H = {u1, ..., unhp} is the set of HP users. 

• B = {v1, ..., vnbe} is the set of BE users. 

• S = {S(1), ..., S(Lv)} is the set of SINR thresholds for different MCSs. Where Lv is the total number of 

MCS levels. In our work, we consider 6 MCS levels Lv as shown in Table 1. 

• C = {C(1), ...,C(Lv)} is the set of the MCS efficiencies. 

• Ru denotes the demand of the user BHu ∪∈ . 

• K = {1, ...,K} is the set of available physical resource blocks (RBs). 

• ∆u(k) is the binary resource allocation vector for user BHu ∪∈ , with 1 or 0 in position k according to 

whether the RB k is used or not. 

• αu,k(l) is the binary resource and MCS allocation vector for user BHu ∪∈ , with 1 or 0 in position k 

according to whether the MCS l is selected by the user u on RB k or not. 

• ( )kPn

u is the power transmitted from FAP Fn to its user u on the RB k, where Pmin< ( )kPn

u <Pmax if RB k is 

used by the user u or ( )kPn

u = 0 otherwise. 
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• Pmax is the maximum power transmission fixed by the operator. Pmin is the antenna power sensitivity. 

• γu,k is the required SINR for user u on RB k. 

( )
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u
ku

gkP
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                                          (2) 

n

ug is the gain of the physical link between the FAPs Fn and the user u. It is the inverse value of the path-loss 

value just modeled above. σ
2
 is the Additive White Gaussian Noise (AWGN) variance. 

For each resource block, if the SINR value at a mobile receiver is less than its minimum required threshold, 

it suffers from interference. Thus, the scheduler discards the transmission link on such RB and tries other 

resources. Therefore, fixing a unique SINR threshold value is a hard condition that threats to reduce the 

spectral reuse and the global system throughput while increasing the rejected rate. Consequently, the user 

satisfaction rate and the overall system capacity radically decrease. Motivating by this fact, we propose to 

switch between several SINR thresholds depending on the channel status on the considered resource block. 

The transmission rate is harmonically selected accordingly to the adopted SINR threshold, AMC. 

 

3. Adaptive Modulation and Coding Technique 

Adaptive Modulation and Coding (AMC) is a smart technique that optimizes usage of the network resources 

and efficiently exploits the channel capacity depending on its quality [5]. Therefore, scheduling with AMC 

automatically reacts to the channel fluctuations and dynamically matches the modulation and coding rate 

with the radio link quality for each RB. This is a “rate control” mechanism as shown in Table 1 and Figure 

2.Each system fixes its proper TBLER that must not be exceeded. With respect to this BLER threshold, the 

AMC approach provides a set of discrete SINR thresholds picked corresponding to the predefined set of 

MCSs [9, 20, 7]. 

 

Modulation Type Coding Rate Efficiency (bits/sym) SINR level (dB) 

QPSK 1/2 1 9.4 

QPSK 3/4 1.5 11.2 

16-QAM 1/2 2 16.4 

16-QAM 3/4 3 18.2 

64-QAM 2/3 4 22.7 

64-QAM 3/4 4.5 24.4 

 

Table 1: Modulation and Coding Schemes (MCSs) 

 

In fixed MCS, the base station transmits signal with the same MCS that is the same for all allocated resource 

blocks. So, if the MCS selected has a high-order, it is exclusively suitable for good condition RBs; else, 

unfortunately, the performance degrades and the power efficiency decreases since a considerable amount of 

transmitted information bits is erroneous received by the user equipment. Otherwise, if the low-order MCSs 

has applied to avoid losing the transmissionon the corresponding RBs. For better channel quality it leads 

dissipating available spectrum and profitless decreasing rating amount; as the results, throughput, spectral 

efficiency and the system capacity significantly decrease. 
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Figure 2: SINR thresholds selection for different MCSs 

 

Alternatively, adaptive MCS allocation is a promising way to efficiently allocate RBs in accordance to their 

relative statuses. Thus, the overall operator-user goals are thoughtfully achieved with respect to two major 

considerations: 1) Throughput and spectral efficiency, and 2) Availability and maintenance link quality. 

With regard to the description above, the benefits of the AMC technique clearly shine to tradeoff between 

desirable throughput and satisfied system performance. 

 

4. AMC-based Joint Resource Allocation approaches 

Our objective in this section is to perform scheduling for the OFDMA-based Downlink transmission and 

optimally exploit three major resources: power, Modulation-Coding Scheme and channel distribution. We 

aim to attain satisfaction in terms of: 1) throughput and performance - user viewpoint and 2) network 

capacity, represented by the number of simultaneous served users – operator viewpoint. 

 

4.1. Problem Formulation 

For scheduling, two user categories are considered: High Priority (HP) and Best Effort (BE). 

1. High Priority users: their requirements need to be fully satisfied in exchange of a desired QoS guarantee 

and a service level they pay for. All HP are permanents owner FAP users. 

2. Best Effort users: they have not a priority to be fully served, but try to reach as maximum as possible 

their demands with different level of applications. BE users may be owner FAP with lower priority or 

visitors. 

 

Notably, for the Downlink transmission in the Heterogeneous Networks, there are three distinct interference 

scenarios presented in the Figure 3: 

• FAP to MUE interference: The interference aggressor is the femtocell base station. The victim is the 

femtocell user equipment. When the mobile macro-user becomes at the proximity of the FAP coverage 

zone, it receives its radiations. Hence, if they operate using the same spectrum bands, a severe 

interference occurs at this MUE degrading the signal reception from the macrocell. However, here, we 

assume that MUE becomes detached from the macrocell base station and is considered as a BE user of 

the corresponding FAP with a lower priority of the owner FAP users. Thus, this interference type is 

ignored as a cross-tier interference scenario. 
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Figure 3: Downlink interference scenarios in two-tier network 

 

• MBS to FUE interference: When the mobile subscriber is far-away, the MBS increases the signal 

transmitted power to be able to reach it. In this case, a neighbor FUE suffers from a severe interference if 

it operates on common RBs with the corresponding MUE. Here, we consider that although the MBS 

transmits ordinarily higher power than the FAP, the FUE receives higher power from the FAP attached 

to. This is because the closed FUE-FAP distance and also the attenuation of the signal MBS power due 

to the path-loss and barriers absorption effects. 

• FAP to FUE interference: Neighboring FAPs are the cause of co-tier interferences to each other on the 

commonly used RBs. We consider the interference caused by a one-hop adjacent FAPs since these 

leakage radiations are denied by the multi-level barriers separating non-adjacent FAPs. 

 

Based on the above description, our scope in this paper is the third interference scenario as the co-tier 

interference. 

 

In order to provide QoS guarantee to HP users and serve BE users as much as possible, while maximizing 

the number of accepted users, our objective is to mitigate the interference by minimizing the transmitted 

power, with respect to appropriate SINR thresholds corresponding to the modulation/coding schemes. 

In order to increase spectral reuse, adaptive power control is performed to allow transmission of neighboring 

FAPs on the same resources when possible, if their respective users are protected [6]. 

In the fixed MCS case [15], the minimum SINR threshold required to maintain the communication link 

respecting a target BLER limit, is not always achievable. Hence, it poses some limitation on the 

transmission power, and if failed to obtain a satisfactory channel, the link is discarded without the possibility 

to use the resource. With the introduction of the adaptive MCS, this limitation disappears as the model will 

automatically adjust to use the resource with a lower order MCS, according to the received SINR, which 

will impact the channel efficiency, thus requiring more RBs to achieve the desired throughput. 

Our optimization problem starts by allocating higher order MCS and if failed switches to lower ones, while 

minimizing the transmission power respecting the corresponding threshold of SINR. The constraint for an 

HP user to be admitted to the network is to achieve its total through put requirement, while BE users have no 

QoS constraints; they will be served after admitting the maximum number of fully satisfied HP users. To 

better understand the objective and the constraints in this Problem: 

• Constraint (a) ensures that the SINR threshold S(l) corresponding to the MCS l value must be obtained if 

this scheme is used on the allocated RB k, αu,k(l) = 1. 

• (b) takes into account the antenna sensitivity. 

• Constraint (c) means that the total sum of powers transmitted by a FAP cannot exceed a maximum value 

Pmax. 

• (d) ensures that HP user requirements must be fully satisfied over the sum of the allocated RB. 
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• in (e), sv represents a slack vector, it is defined as the difference between the required and the obtained 

throughput for the BE users. sv(k) needs to be minimized. 

• (f) ensures the exclusivity, at least one MCS should be used on the RB k if it is allocated. 

• (g) denotes that αu,k(l) is a binary variable ∆u(k) is a binary variable and that it is impossible to use more 

than MCS level l on the same RB k if it is allocated. 

• (h) ensures the orthogonality assignment between users in the same femtocell. 

 

4.2. Problem Resolution 

In our proposal, called “AMC QoS-based Resource Allocation with Power control” AMC-QRAP, the cluster 

head intends to optimally exploit the available spectrum and apply both power and rate control for all 

attached FAP users. It must assign for each user the suitable MCS, the transmitted power and the set of RBs 

needed to acquire its demand. For resolution we should transform the objective function and the constraints 

into a linear form. We design a linear optimization model and solve it using Linear Programming (LP) tools 

[3]. 

Let us define ( )lP ku ,
ˆ as the transmission power of the user u on the RB k corresponding to the selected MCS 

l. Indeed, we assumed that ( )kPn

u
can be expressed as: 

( ) ( ) ( )∑
=

×=
vL

l

kuku

n

u llPkP
1

,,
ˆ α                                              (3) 

So, if αu,k(l) = 1, the power transmitted is exclusively equal to the ( )lP ku ,
ˆ . 

Therefore, for the selected MCS l, ( )lP ku ,
ˆ value must deal with the required SINR threshold S(l) on the RB k 

as well as with the antenna sensitivity. The two linear monomials in the second member in constraint the (a) 

are explained as follows: if user u uses the MCS l on the RB k, soαu,k(l) = 1, the second monomial is 

canceled and SINR threshold condition is verified. Otherwise, if αu,k(l)= 0, the second monomial takes a 

very high negative value that neglects the first monomial since we have introduced a positive high-value 

integer “M” [22]. Hence, the corresponding ( )lP ku ,
ˆ value is set to 0.Similarly, for BE users, the objective 

function is presented in Equation 4: 

( ) ( ) ( ) ( )∑∑∑∑∑∑
∈ = =∈ = =

×−+
Hu

K

k

L

l

ku

Hu

K

k

L

l

vku

vv

llSkslP
1 1

,

1 1

,
ˆmin α                         (4) 

We start resolving for HP users then we allocate the remaining resources for BE users. 

 

5. Performance Metrics 

The performance evaluation of our proposal is based on the following QoS metrics: 

 

5.1. Throughput Satisfaction Rate (TSR) 

TSR denotes the satisfaction degree of a user with respect to the requested resources. For each useru 

attached to a FAP FFn∈ , TSR(u) is defined as the ratio of the allocated number of RBs to the requested 

ones and can be expressed as follows: 

( ) ( )( ) u

K

k u RkuTSRu /,
1∑ =
∆=∀  

For a network with U users, the TSR metric can be thus given by: ( )∑= u
UuTSRTSR /  
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5.2. Spectrum Spatial Reuse (SSR) 

SSR denotes the average portion of FAPs using the same RB within the network. Therefore, it isdefined as 

the mean value of RBs’ spatial reuse. The SSR metric can be thus expressed as follows: 

( )∑ ∑
= ∪∈

∆
×

=
K

k BHu

u k
FK

SSR
1

1
 

 

5.3. Rate of rejected users 

It represents the percentage of HP and BE users not admitted in the network during the scheduling period. 

Recall that, once accepted, HP users are completely satisfied, whereas for BE users, their satisfaction degree 

will be maximized. 

 

5.4. Average channel efficiency 

It represents for each resource block (RB) the mean value of achieved efficiency over the whole network 

expressed in bits/symbol. It is thus expressed as follows: 

( ) ( ) ( )∑ ∑
= ∪∈

×=
vL

l BHu

kuaverage llC
F

kEff
1

,

1
α  

 

5.5. Transmission power 

We compute the transmission power allocation on each tile. This parameter is computed regarding: i) The 

variation in demand or users’ requirements, to show the impact of the number of allocated RBs for each user 

on the total received power. ii) the average distribution of power over the different available resource blocks 

in the network used for transmission. 

 

5.6. Fairness 

The Jain’s fairness index [4], which determines how fairly the resources are distributed among N existing 

users, is considered to highlight the performance of the algorithm with regards to user satisfaction rate. It 

expressed as follows: 

( )

( )∑

∑

=

=










=
N

u

N

u

uTSRN

uTSR

1

2

2

1

.

β                                                   (5) 

 

6. Performance Evaluation 

We compare the performance of our method with three existing techniques: 1) Q-FCRA [16] (without power 

control nor MCS adaptation) and 2) QP-FCRA [15] that only considers power control and 3) DRAPM [17] 

that considers a totally distributed approach. We calculate the mean value of performance metrics after 

running extensive simulations to reach a confidence level of 99.70%.The simulation results are obtained 

using the solver “IBM ILOG CPLEX” [1]. 

As in [16] and [15], we consider a typical downlink LTE OFDMA frame with a system 

Bandwidth of 10 MHz and a total number of K = 100 RBs. Different network densities are studied. It ranges 

from 50 FAPs for low density networks and reaches 200 FAPs in higher density deployments. The FAPs are 

randomly distributed in a 2-D 400m×400m area, within 10m×10mresidences. Users are distributed 

uniformly in the residence with a maximum number of 10 users per FAP. The number of users, their 

bandwidth requirements as well as their locations is varied at each simulation. In each FAP we allow up to 4 
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HP users and 6 BE users. In what follows we present the simulation results for each of the above mentioned 

metrics. 

 

1)Throughput Satisfaction Rate 

The average throughput for all the users in the network is plotted in Figure 4. We can observe for the low 

density network scenario an average throughput of more than 99% for all users. It is obvious that AMC-

QRAP outperforms the other methods and that power minimization jointly with MCS adaptation increases 

noticeably the results. For the distributed approach, the throughput decreases below 95% for low density 

networks. The difference is made clear for high density networks where our proposal remains scalable and 

reaches the rate of 98% whereas the other approaches drop to below 96%, 92% and 82% for QP-FCRA, Q-

FCRA and DRAPM respectively. The reason is due to the higher interference degree experienced by users 

with a congested network, where the distributed approach fails to adapt rapidly and Q-FCRA without power 

control is less flexible to allocate resources efficiently. 

 

 
Figure 4: Throughput satisfaction rate vs. Network density 

 

2)Spectrum Spatial Reuse 

Figure 5 plots the mean spectrum spatial reuse for the different schemes for both low and high density 

networks. We can notice, with power control and adaptive modulation the improvement especially in high 

density networks, with a mean SSR of 19%, an increase of around 40% is detected compared to Q-FCRA 

and improvement of 15% compared to QP-FCRA. 

 

 
Figure 5: Mean SSR vs. Network density 
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3) Rate of rejected users 

When considering the number of accepted users, the concept of QoS differentiation between users reveals 

the impact of our method on the performance. As observed from Figure 6, the distributed method, is less 

performing than the two other methods. We can see that for low density networks, the rate of rejected users 

is around 2% for both AMC-QRAP and QP-FCRA, it goes up to 8% for DRAPM. 

 

 
Figure 6: Rate of rejected users 

 

In high density networks, a more important observation is made clear. For QP-FCRA, since HP users failing 

to obtain their required demand are not admitted into the network, BE users will acquire the unused resource 

blocks. We notice here that the HP rejection rate is high and reaches around 27%. Whereas with AMC-

QRAP, this rate drops drastically to less than 3%. On the otherhand, with a fewer rejection of HP users with 

QP-FCRA, a lower number of BE users are able to be served compared to QP-FCRA, but still ensuring a 

high admission ratio and a better overall admission rate for the network. We can state for these results that 

our AMC-QRAP method allows for a better QoS differentiation and a much smaller rejection ratio. 

 

4) Average channel efficiency 

Figure 7 shows the average efficiency for each used RB in the high density network scenario. This 

efficiency expressed in bits/symbol, shows how our method allocates mostly the high order MCS for users. 

Allowing them to achieve their high bandwidth demands with a fewer number of resource blocks. Hence, we 

notice that on the average, most of the users are able to obtain a high satisfactory SINR. 

 

 
Figure 7: Efficiency per resource block 
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5) Power allocation 

We first start by showing the CDF distribution of femtocells per power transmission in Figure 8for the high 

density network environment. As we can observe with AMC-QRAP, 50% of femtocells have a transmission 

power below 10 mW, it increases to around 30 mW for QP-FCRA and DRAPM. Moreover, we notice that 

more than 90% of femtocells transmit below 20 mW thus considerably decreasing interference in the 

network compared to the other methods that may reach more than70 mW for some of the femtocells. 

Figure 9 shows the increase of the received power sum for the three methods with the variation of users’ 

demands. As we can observe, with AMC-QRAP all the users have an average below 7 mW for the higher 

demands where it reaches up to 12 mW and 14 mW respectively for QP-FCRA and DRAPM. The 

outperformance of our proposal is clearly shown in this metric. 

Furthermore, Figure 10 shows the decrease in the transmission power over the entire spectrum for AMC-

QRAP compared to the mentioned methods. 

 

 
Figure 8: CDF of power transmission per femtocell in high density networks 

 

 
 

Figure 9: Transmission power per user demands 
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Figure 10: Transmission power per resource block 

 

7. Conclusion 

The essential questions we aimed to answer here are: How we can provide higher data rates, higher energy 

efficiency, better spectrum utilization, enhanced performance and increased capacity for the advanced LTE-

based Femtocell networks; and what are the degrees of freedom that can be exploited yet? 

In this journal, we are oriented according to both: multi-user scheduling on the data link layer and basic 

transmission enhancements on the physical layer. We have first exhibited the main features offered by the 

high-speed SmallCell-LTE network while citing its main challenges as a Network submerging in the 

macrocell area. We have got an overview of the literature works on the downlink scheduling and resource 

allocation algorithms. After that, we began to explain our contribution on the management of the radio 

resource allocation of the OFDMA-based downlink connection basing on the adaptive modulation and 

coding (AMC) technique and the power control. This is referred as: downlink AMC QoS-based resource 

allocation with power control or “downlink AMC-QRAP”, where the QoS is respected by differentiating 

between two user types: High priority and Best Effort users. the cluster architecture is considered as a hybrid 

way between the centralized and the distributed architectures. In fact, the radio resource can be shared by 

different users in order to enhance the spectrum utilization. Therefore, the power control mechanism is 

introduced to mitigate the resulted interference, where the power transmission of each user must respect a 

minimum required SINR level at the receiver side. To avoid rejecting user who cannot reach this fixed SINR 

threshold on its allocated resource, we have proposed to adopt a set of several SINR threshold and 

respecting them adaptively to the effective 

channel quality on such resource block. Each SINR threshold corresponds to a specific modulation and 

coding scheme (MCS) selected under a block error rate performance constraint. We began by the highest 

SINR threshold value corresponding to the highest order MCS in order to maximize the data rate. This is 

what we refer to the “rate control” or AMC mechanism. The proposed problems are modeled in accordance 

to the linear programming tools. As results, the system capacity, the overall throughput, the spatial spectrum 

reuse and the spectral efficiency are all enhanced as proved by extensive simulations using the IBM ILOG 

CPLEX solver. 

Finally, we consider that delivering the high-speed services and application of the next generation wireless 

systems require complementary improvement on both physical and link layer levels. Intelligently and jointly 

allocating power, sub-channels and power resources while enhance the transmission mode, provides a 

competent issue for the future generation standards. 
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