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Abstract 
 

A special multi-carrier transmission technology is Orthogonal frequency 

division multiplexing (OFDM). For low-rate digital signal’s parallel 

transmission, orthogonal subcarriers set is generated by OFDM and this 

achieves high-speed digital signals transmission. Anti-dispersion and high 

spectral efficiency are the major advantages of OFDM and it has wide range 

of applications in long-distance and large capacity optical access networks 

and optical fiber communication systems. But, time complexity and energy 

efficiency are the major issues of this existing systems.So, an Enhanced 

Multiuser Scheduling Scheme (EMSS) isproposed in this work for enhancing 

network performance and energy efficiency. The original long-term 

optimization problem is converted as resource allocation sub-problem and 

admission rate control sub-problem according to Lyapunov optimization in 

every time slot.In same frequency bandwidth, more than one user can be 

simultaneously multiplexed in proposed technique and it requires highly 

sophisticated multi-user scheduling. With respect to time taken, sum rate, 

Max-min rate, spectral efficiency and Bit Error Rate (BER), better 

performance is provided by proposed EMSS scheme when compared with 

available techniques.  
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1 Introduction 
 

There is a massive shite to novel Machine-to-Machine (M2M) 

communication from traditional Person-to-Person (P2P) communication 

because of communication technologies rapid advancement and massive 

access increase in user terminals. Zhou et al. [1];Dong et al. [2] According to 

machine-type communication (MTC) devices intelligent interaction, 

networked services and applications are enabled by M2M communication. 

J. Wu et al. [3]; Safdar et al. [4]. Due to high-speed mobile devices 

support, high reliability and wide coverage, cellular network is widely used 

as an ideal carrier of M2M communication. The classical resource allocation 

techniques designed for Human-to-Human (H2H) cannot be used to satisfy 

new M2M communication requirements because of heterogeneity produced 

by different MTC devices and interference problem associated with 

traditional cellular networks. 

Z. Zhou and C. Gao [5]: Ali et al [6]shows the social big-data-based 

content dissemination in Internet of vehicles and Energy efficient resource 

allocation for M2M devices in 5G. 

Z. Zhou and JGong [7] Software defined machine-to- machine 

communication for smart energy management.In heterogeneous cellular 

networks (HCNs), M2M communication is a major drive for future Internet 

of Things (IoT).  

Tefek et al [8]; Dhillon et al [9] There is a variation in HCNs cells 

coverage area and user handling capability. Major challenging issue in M2M 

communication is huge traffic possibility, which leads to overloading 

problem to specific tier/tiers and it makes an issue for supporting massive 

machines count connected in FCNs uplink. 

Z. Zhou et al.[10]; Zhou and Nikaein [11]Energy-efficient game-

theoretical random access for M2M communications in overlapped cellular 

networksZhou, Dynamic resource allocation for machine-type 

communications in LTE/LTE-A with contention-based access. 

Mao et al. [12]; Zhenyu et al [13]. In spectrum-sharing Orthogonal 

frequency division multiplexing (OFDM) networks resource allocation 

algorithms like Gale-Shapley algorithm and Lyapunov optimization are 

employed for maximizing performance of a network and satisfying users 

high demands. A multi-carrier digital modulation technology is OFDM, 

which is implemented with digital signal processing (DSP) technology’s 

maturity. 

Guo et al [14]; In both time as well as frequency domains, orthogonally 

is satisfied by OFDM, when compared to other multi-carrier multiplexing 

technologies and it exhibits anti-multipath interference ability and higher 

spectral efficiency. Using DSP chips, OFDM signals can be demodulated and 

generated easily. There is also simple procedure for channel equalization and 

other operations, So, in broadcasting, wired and wireless communications, 

OFDM is widely used. 

Eckert [15] In 5G network, for MTC devices, effective resource 

allocation is major challenge. Battery powered devices lifetime and  
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applications service quality are degraded by this. MTC devices are operated 

using battery and due to spectrum usage, it cannot afford huge power 

consumption. 

On M2M network uplink, for achieving energy efficient resource 

allocation, other performances like limited QoS requirements, including 

more signaling messages, inducing higher delay and serving less M2M 

devices may be degraded. 

 
2 Related Work 

 
Shukla et al [16] MMSE based beam former in Massive MIMO IDMA 

downlinksystems.A novel software-defined M2M designed is presented for 

guaranteeing end-to-end quality of service, fine granularity resource 

allocation, realizing cost reduction and energy management. A scheduling 

scheme is introduced by using spectrum effectively according to MTC 

devices received signal strength. 

However, with best signal-to-noise ratio (SNR), for MTC devices, 

proposed scheme is preferred and MTC devices heterogeneity with different 

QoE and it does not considered queue delay. 

A cellular M2M communication networks resource allocation algorithm 

is investigated for obtaining initial access of a network to transmit data using 

random access mechanism. Overload problem is solved using an iterative 

energy-efficient game-theoretical random access algorithm. In overlapped 

cellular networks, M2Mdevices massive connections cause overload 

problem. 

For contention-based access (CBA) technique a resource allocation 

algorithm is introduced to MTC via LTE-A network. In CBA technique, 

based on CBA resource allocation, estimated the latency and transmission via 

assessing events occurring probabilities. For a certain device, CBA resource 

allocation is increase if latency is high. 

For green cellular networks, new design methodologies are used using 

Lyapunov optimization techniques. Network service cost, which is an 

indicator of achievable QoS and grid energy consumption is used as an 

performance metric and base station assignment and power control (BAPC) 

is used for optimizing it. 

A Lyapunov optimization based BAPC (LBAPC) algorithm is proposed, 

which is an online algorithm used for minimizing long-term average network 

service cost. In this algorithm, without channel’s distribution information and 

EH processes, decision are made based on instantaneous side information, 

which is a major advantage of it. A deterministic per-time slot problem needs 

to be solved for computing network operation and for the same an efficient 

inner-outer optimization algorithm is utilized.  

A two stage resource allocation and access control algorithm is 

developed. For motivating some delay-tolerant machine-type communication 

devices for postponing its access demands to get high access chances, an 

incentive mechanism based on contract is used in first stage.   
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It shows a long-term cross-layer online resource allocation technique is 

proposed in second stage, where, without channel state’s prior knowledge, 

channel selection, power allocation, rate control are optimized. In specific, a 

two-dimensional matching problem is formulated from channel allocation 

and joint power allocation and pricing-based stable matching technique is 

used to solve this. At last, under different simulation conditions, verified the 

proposed algorithm’s performance.  

 

3 Proposed Methodology 
 

In this work, over OFDM networks, with Lyapunov optimization, 

multiuser scheduling is used for implementing effective power optimization 

and resource allocation scheme. 

 

3.1 System Model 
 

A cognitive M2M network is considered as shown in figure 1, it has, N 

M2M, K CUEs, centralized BS pairs. One orthogonal spectrum sub-channel 

having equal bandwidth is occupied by every Cellular User Equipment 

(CUE) for performing uplink communication with BS. The CUEs sets is 

represented as                +  and sub-channels are represented as 

               +. The indices set is represented as 

  *           +. 

 
Figure1 System Model of M2M-Based Uplink 

 

Every M2M pair has M2M receiver (MR) and M2M transmitter (MT). 

The sub-channel allocated to a CUE is reused by every M2M pair, for 

implementing cognitive M2M communications. For data dissemination, 

CUE's sub-channel is reused by M2M pair if and only if certain constraints 

like delay and rate constraints are satisfied. Intuitively, with M2M pair, CUE 

is more willing to share its sub-channel which produces interference to it. 

 

3.2 Queue Model and System Dynamics 
 

With time-slot index   *,           +, in a time-slotted manner, M2M 

network operates. At every time-slot, MTni collects the data and for  
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processing, they are sent to MRn. At t-th slot, for MTn, admission rate is 

represented as An(t) and MTn’s transmission rate as Rn(t).Between An(t) and 

Rn(t), because of unbalance, in a finite memory buffer, data are sorted firstly 

before transmission. The Mn’s data backlog is represented as Qn(t), at time 

slot t’s queue length is represented using this. Input of Qn(t) is represented as 

admission rate An(t) and output of Qn(t)’s is represented as data transmission 

rate Rn(t). For avoiding blocking, An(t) and Rn(t)’s adjustment is referred as 

rate control. A network-layer parameter is represented as An(t), physical-

layer parameter is represented as Rn(t). Over time, Qn(t) evolved as, 

  (   )  ,  ( )    ( )
    ( )   (1) 

Where [x- =max(x, 0). 

B. quality of experience (QoE) model:Admission rate is reflected by 

a network-layer parameter called An(t), where, QoE performance is directly 

affected by it. MOS model is proposed and it is employed for characterizing 

QoE. User -perceived application quality metrics can be directly associated 

with QoS parameters using this. 

The admission rate is reflected using network-layer parameter called 

An(t), where QoE performance is directly affected it.  

The admission rate An(t)’s concave function defines MOS. 

   ,  ( )] = ηn(t) log2 [  ( )],     

 (2)  

where, priority parameter is represented as ηn(t) ∈ [0, 1], at time slot 

t, data associated with Mn’s importance is characterized  by this. 

 

3.3 Resource Allocation based on Lyapunov Optimization 
 

Without knowing data arrivals statistical knowledge, online optimization 

is enabled using Lyapunov optimization and formulated problem is solved 

using channels states. First, according to virtual queues concept, long-term 

constraints are transformed as queue stability constraints which is expressed 

in (3). Average rate constraint having association with virtual queue Y (t) is 

evolved as, 

  (   )  ,  ( )    ( )
    )   (3) 

If virtual power queue Y (t) is mean rate stable, then average power 

constraint C holds automatically. In real time, in various M2M applications, 

delay requires upper bound ad admission rate requires lower bound. 

Introduced delay and admission rate time-averaged constraints in the 

following. 

Admission rate’s time-averaged constraint is expressed as, 

       
 

 
∑   ( )    
   
       (4) 

Where, for Mn, time-averaged admission rate is expressed as   and 

long-term minimum rate requirement is represented as   , these value are 

specific time slot t independent. The time length a packet waits in a queue 

until it get transmitted defines delay’s time-averaged constraint. As network 

having  
 

Lyapunov Optimization and Enhanced Multiuser Scheduling Scheme for Energy 

Efficient Resource Allocation over OFDM Networks 10934



 
 

 

 

 

 

heavy load is assumed, there will be a minimum or negligible transmission 

delay when compared to queuing delay.  

With better balance between implementation complexity and 

performance, problems in queue-aware radio resource allocation are handled 

effectively using Lyapunov optimization. The Lyapunov drift and Lyapunov 

function concepts are introduced for Lyapunov optimization theory and there 

is an optimization of network performance metrics with network queues 

stabilization using drift-plus-penalty minimization via greedily. 

In a cognitive two-tier underlay HetNet, opportunistic cooperation 

problem with Lyapunov optimization technique is studied. Power control, 

cooperation decision making and access admission are handled intelligently 

using cognitive LPNs. With average power constraints, throughputs are 

maximized by this. Without any multimedia traffic arrival rates knowledge, 

multimedia traffic queue can be stabilized using produced online control 

algorithm. 

 
3.4 Enhanced Multiuser Scheduling Scheme (EMSS) 
 

For enhancing multiuser scheduling along with Non Orthogonal Multiple 

Access (NOMA) is proposed in this section. This is a multiuser scheduling 

scheme based on proportional fairness (PF), which is enhanced for NOMA 

uplink. First, NOMA multiplexed users set’s PF scheduling metric is 

presented by it. With contiguous resource allocation constraint, for NOMA 

users, sub-band assignment technique is introduced in this. 

For every machine type communication device (MTCD), NOMA is 

optimum for transmitting signal with reduced throughput and based on 

allocated transmission time, every MTCD’s energy consumption is a convex 

function. At time resource or same frequency, multiple users can be served 

simultaneously. Consequently, in spectral efficiency, a significant gain is 

produced using access scheme based on NOMA. 

On cell-center bands, only cell-interior users are permitted to multiplex 

with each other in NOMA having Fractional Frequency Reuse (FFR). In cell-

edge bands, adopted the overlapped scheme and within cell-edge bands, cell 

edge users are multiplexed with cell-interior users. In channel gain, large 

difference between cell-edge users and cell-interior users can benefit NOMA. 

A time allocation and low-complexity iterative power control algorithm 

are devised for solving original total energy minimization problem of NOMA 

strategy. In specific, new sets is introduced in this for harvesting energy in an 

effective manner by MTCD and also for dealing with non-smooth EH 

function. Every MTCD has some payloads in time constraint for transmitting 

to BS. 

Multiple MTCDs (or MTCGs) can transmit signals simultaneously to 

respective receiver via NOMA using successive interference cancellation 

(SIC) at receiver and superposition coding at transmitter as illustrated in 

Figure 2. 
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2. Same resources can be multiplexed using small devices count like two of 

four, for reducing error propagation caused by SIC and receiver complexity.  

 

 
Figure 2 Time Sharing Scheme for NOMA Strategy during One Uplink 

Transmission Period 

 

In NOMA having SIC, same sub-band is used for scheduling more than 

one user simultaneously. In a cell, all users set, must be there in scheduling 

candidates S. At the initial phase of scheduling, all possible users 

combinations in a cell are first searched exhaustively for minimizing 

scheduling computation. Within a cell, users sets are formed by multiplexing 

in this procedure.  

                 (5) 

One or more users are included by every set S and it is limited to N max 

users. So, in a cell having totally K users, scheduling user candidate sets 

count Nus is given by,   

    (
 
 
)  ( 

 
)     .  

    
/    (6) 

The scheduling policy is having great association with system 

performance like cell-edge user throughput and average user throughput. 

Between fairness and capacity, for achieving good tradeoff, PF scheduler can 

be used an effective tool, where, objective function is maximized using PF 

metric maximization. At time instance t +1, user I’s average user throughput 

is expressed as Ti (t + 1), 

Ti (t + 1)=.  
 

  
/    

 

  
∑   (   )     (7) 

Where, a sub-frame index is represented using a time indextc, for 

throughput averaging, time window length is represented as tc, at time t, in 

sub-band b, user i’s throughput is represented as Rb(i, t) and computed using 

expression (8). The every user’s scheduling metric is computed by scheduler 

at a sub-band b as,  

  (  )  ∏ .  
  (      )

(    )(  ( ))
/        (8) 

Where, in a user set Sb, among users, average user throughput product is 

represented as fb (Sb). The user set is selected by scheduler in such a way 

that every sub-band’s scheduling metric is maximized. For every user, during 

sub-bands assignments, there is a need to consider contiguity resource 

allocation.  

Lyapunov Optimization and Enhanced Multiuser Scheduling Scheme for Energy 

Efficient Resource Allocation over OFDM Networks 10936



 
 

 
 

 

 

 

 

Thus, for every user, under contiguous resource allocation’s constraint, 

scheduler needs to maximize total objective function sum.  

 

4 Simulation Result 
 

This section describes about system configuration’s simulation 

parameters. Deployed s 19 hexagonal cells layout having 3 sectors per cell in 

simulation. To ensure effective allocation resources, proposed EMSS and 

available MOS and NOMA techniques are implemented. The site-to-site 

distance is 500m.  

The users count in every cell sector is assigned as K=10. Following 

uniform distribution, within every cell, all the users are dropped randomly. 

The total frequency blocks count is 48. The sub-bands’ count in simulation is 

set as, B =6. In a specified scenario, high network performance is shown by 

proposed system. 

 

Performance Metrics  
 

The metrics like, Sum rate, Time taken, max-min rate, spectral efficiency 

and BER are used in evaluation. 

Bit Error Rate (BER) 

Bit Error Rate (BER) is given by the errors count in bit per unit time.  

Mean Square Error (MSE)  

Difference between source signal and estimated signal measures Mean 

Square Error (MSE) and it is given by, 

    
 

  
∑ ∑   ̂ (   )   (   ) 

  
   

 
      (9) 

Where, frequency bins count is given by K, time-frames count is given 

by L,  ̂ (   ) represents available and proposed output’s Short-Time Discrete 

Fourier Transform (STDFT) coefficient, at time-frame index l and 

frequency-bin index k,  (   ) represents, desired signal’s STDFT 

coefficients. Iteration’s stopping criteria is given as,  

MSE(t + 1) - MSE(t) = 10E - 6     (10) 

Where, at iteration t, MSE value is represented as MSE (t). 

Sum Rate Capacity 

With respect to HPU( 𝐻) and LPU ( 𝐿)’s achievable sum rates, 

proposed massive MIMO’s sum rate capacity is given by, 

           ∑   
 
     ∈  ∑   

 
     ∈   (11) 

Where, within HPU,   ℎ  user’s achievable rate is represented as    and 

within LPU, 𝑗 ℎ  user’s achievable rate is represented as  . It is calculated 

based on its allocated transmit powers, which is bounded as   ≥ 𝑗≥ 0;∀ ,𝑗, 
where, minimum user rate constraint assumed to guarantee he requirements 

of QoS is represented as  0. 
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Figure 3 Spectrum Efficiency 

 

Available and proposed technique’s spectrum efficiency comparison is 

shown in figure 3. With different SNR levels, spectrum efficiency 

measurement is done. Around 10.6145 bits/seconds/Hz spectrum efficiency 

is produced by proposed EMSS scheme, which is a greater value when 

compared with 6.4122 bits/seconds/Hz spectrum efficiency of MOS model 

and 9.8207 bits/seconds/Hz spectrum efficiency of NOMA model at 0 dB 

SNR level.  

 

 
Figure 4 Max-Min Rate 

 

Available and proposed technique’s max min rate comparison is shown 

in figure 4. With different SNR levels, max min rate measurement is done. 

Around 14.789 bps/Hz max min rate is produced by proposed EMSS 

scheme, which is a greater value when compared with 9.738 bps/Hz max min 

rate of MOS model and 12.5432 bps/Hz max min rate of NOMA model at -5 

dB SNR level. Better max min rate is produced in proposed scheme. 
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Figure 5 Sum Rate 

 

When compared with other techniques, proposed scheme outperforms 

them in a significant manner as shown in figure 5. Little inherent power 

supply is there in MSs and it has a small gap between joint antenna selection 

and technique. Around 60.54 bps/Hz of sum-rate achieved using proposed 

EMSS scheme, whereas 44.49 bps/Hz of sum rate is produced by available 

MOS model and 50.11 bps/Hz of sum rate is produced by available NOMA 

model with 10 dBm power supply. 

 

 
Figure 6 Bit Error Rate (BER) 

 

The JAS techniques BER comparison based on various SNR levels is 

shown in figure 6. Around 0.0042 BER value is produced by proposed 

EMSS scheme, which is a lesser value when compared with 0.0079 BER of 

MOS and 0.0055 BER of NOMA schemes at 40 dB SNR level. When 

compared with other techniques less BER is produced by proposed EMSS 

scheme as efficient power clustering is done in proposed EMSS scheme. 
 

 

Vishal Goyal 10939



 
 

 

 

 

Figure 7 Time Taken 

 

Figure 7 shows the comparison of available and proposed techniques 

with respect to SNR levels with time taken. For SNR level, less time is 

needed by proposed EMSS schemes, while more time is required in available 

NOMA and MOS schemes. 

 

5 Conclusion 
 

In this work, proposed EMSS technique for controlling uplink rate and 

allocating resources in an efficient manner over OFDM networks. For 

performing dynamic resource management, resource allocation having 

association with power optimization and sub-channel selection, rate control 

having association with QoE adjustment are used in this technique. The QoE 

assessing degree is measured using designed MOS model.With OFDM 

network’s intrinsic delay constraint, admission rate control constraint and 

network stability constraint, all M2M pairs time-averaged MOS is 

maximized by employing stochastic optimization model. In every time slot, 

according to recently developed Lyapunov optimization, original long-term 

optimization problem is converted into resource allocation sub-problem and 

rate control sub-problem without channel statistic’s prior knowledge. In 

specific, for developing extremely simple technique, resource allocation sub-

problem’s special structure is exploited by this technique. At the same time, 

with same resource, multiple users can be multiplexed in EMSS technique 

and it enhances system capability. Thus, the proposed EMSS is better than 

existing systems as concluded in results. 
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