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Abstract—In this paper an intelligent scheduling architecture 
is presented for LTE-Advanced downlink transmission, to 
enhance the Quality of Service (QoS) provision to different traffic 
types while maintaining system level performance in such as 
system throughput.  Hebbian learning process and K-mean 
clustering algorithm are integrated in the Time Domain (TD) of 
scheduling architecture, to intelligently allocate available radio 
resources to Real Time (RT) and Non Real Time (NRT) traffic, 
and to prioritise RT users based on their Packet Drop Rate 
(PDR) feedback. The integration of these algorithms allows just 
enough resource allocation to RT traffic and diverts extra 
resources to NRT traffic, to fulfill its minimum throughput 
requirements. System level simulation is set up for system level 
performance evaluation. Simulation results show that the 
proposed architecture reduces average delay, delay violation 
probability and average Packet Drop Rate (PDR) of RT traffic 
while guaranteeing the support of minimum throughput to NRT 
traffic and maintains system throughput at good level.   

Key words— Long Term Evolution-Advanced (LTE-A), Packet 
Scheduling (PS), OFDMA,  Internet Protocol (IP),  Qaulity of 
Service (QoS). 

I.  INTRODUCTION  
    The rapid development in all IP based next generation of 
mobile communications networks, such as Long Term 
Evolution-Advanced (LTE-A), is expected to support the 
outburst of high-speed packet based applications. These 
applications have a large variety of QoS requirements such as 
reduced delay and PDR and   high throughput. Radio resource 
management (RRM) faces challenges when comes across such 
large variety of conflicting QoS requirements [1]. The reason 
being limited radio resources, rapidly changing wireless 
channel conditions and ever increasing number of mobile 
users. Packet scheduling (PS) being one of the cores of RRM is 
very crucial to make an effective utilization of available radio 
resources [2]. In a scheduling algorithm, variable QoS 
requirements of different traffic types must be analysed and 
weighted appropriately to reach at a balanced solution [1]. 

    Conventional scheduling algorithms such as Round Robin 
(RR), Maximum Carrier to Interference (MAX C/I) and 
Proportional Fairness (PF) improve system level performance 
in terms of fairness, system throughput and a trade-off between 
system throughput and user fairness, respectively. These 
algorithms however cannot support QoS support to RT and 
NRT traffics. QoS provision to RT and NRT traffic types is 

very crucial to improve user experience and it has become one 
of the most important issues in the next generation of mobile 
communications. The current work related to scheduling takes 
into account of Queue State Information (QSI) as well as 
Channel State Information (CSI) [3-9], which helps improving 
the support of QoS provision to RT and NRT traffic types. 
However QoS provision both at the service level and user level 
along with good system performance is very challenging and is 
less focused in the current literature. For example QoS aware 
scheduling schemes presented in [2-6] can guarantee the QoS 
requirements of RT and NRT traffics but do not improve 
system level performance. 

    To enhance the scheduling performance in different 
domains, Artificial Intelligence (AI) is integrated in 
communication networks.  The AI technologies offer many 
new and exciting possibilities for the next generation of 
communication networks [7]. Learning rules in AI, for a 
connectionist system, are algorithms or equations which govern 
changes in the weights of the connections in a network. One of 
the learning procedures for two- layer networks is the Hebbian 
Learning Rule, which is based on a rule initially proposed by 
Hebb in 1949. The Hebbian Learning Rule states how much 
the weight of the connection between two units should be 
increased or decreased in proportion to the product of their 
activation [8-10]. It is used in [11] for dynamic spectrum 
management in Cognitive Radio (CR) to estimate the presence 
of primary users (PUs) in the environment; PUs are the 
licensed users and allowed to operate in the spectrum band 
bought by the wireless service provider. It helps in preventing 
collisions of CR units with PUs. 

    To deal with the variable QoS requirements of different 
users of a traffic type, clustering is fairly good technique to 
integrate in scheduling algorithms to rearrange users’ priority 
according to their QoS requirements. Clustering is a technique 
to group together a set of items having similar characteristics 
[11]. In scheduling domain, where there is always a need to 
change priorities of different users according to their QoS 
requirements, clustering is a good technique to make groups of 
users with similar QoS requirements. It helps in setting 
priorities of users by sorting these groups in a proper way. 
Clustering has already been used in many domains especially 
on Web, such as aiming at improving Web applications [12] 
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Figure 1. Packet Scheduling Architecture 

 

 [13]. Clustering based scheduling gives variable priorities to 
different users belonging to same traffic type. For example in 
[14], a clustering based scheduling algorithm is used to 
organise users of a network into groups based on the number 
of their requests per channel. The transmission priority then 
starts from the group with the highest requests. It improves 
network performance in terms of higher network throughput 
while keeping mean packet delay at lower levels, as compared 
to the conventional scheduling algorithms. 

    The work in this paper focuses on scheduling performance 
in different domains such as, service-level, user-level and 
system-level. Therefore Hebbian learning process and K-mean 
clustering algorithm are integrated in scheduling architecture 
to improve QoS support at service-level and user-level, 
respectively. Hebbian learning is used to adaptively distribute 
available resources in RT and NRT traffics based on average 
PDR of RT traffic, to make a fair share of available resources. 
K-mean clustering is used to group RT users based on PDR of 
individual RT users. Creating such groups and prioritising 
them properly could lead to higher network performance 
without aggravating the scheduling algorithm. 

    The rest of the paper is organised as follows. Section II gives 
a brief description of packet scheduling architecture and a 
detailed explanation of all algorithms used in it. Section III 
gives the system model used in this paper and also presents 
performance metrics to analyse scheduling performance. In 
Section IV, simulation model and simulation results are 
described. Finally Section V gives the conclusion. 

II. PACKET SCHEDULING ARCHITECTURE 
A schematic diagram of scheduling architecture is shown in 

Fig. 1. It consists of Queue Management, TD scheduler and 
FD scheduler stage. 

The input is a mixed traffic which is classified in four 
queues based on traffic types: Control traffic (i.e. control 
information), RT traffic (i.e. voice), NRT traffic (i.e. streaming 
video) and Best Effort (BE) traffic (i.e. email, SMS). Users in 
these queues are sorted according to requirements of each 

traffic type. For example, control information for all users is 
equally important so Round Robin (RR) algorithm is used to 
sort users in this queue. QoS aware queue sorting algorithms 
[15] are used for RT and NRT streaming video traffic. 
Background traffic has no QoS requirement, however to make 
a good trade-off between system throughput and user fairness, 
PF algorithm is used to sort users in this queue. At TD 
scheduler stage, novel Adaptive Time Domain Scheduling 
Algorithm (ATDSA) is proposed, which consists of the 
following steps.  

A. Resource  Allocation to RT and NRT Traffics 
Hebbian learning process is used to make an intelligent 

distribution of available radio resources between RT and NRT 
traffics. By definition, Hebbian learning rule learns the 
environment in terms of the activity rate of a parameter and 
takes decisions based on comparison of current and previous 
occurrence of that activity.  It is integrated in ATDSA to 
compare PDR value of RT traffic in the current TTI with the 
PDR values in previous TTIs and changes the weight of RT 
traffic according to (4).  

 

1
1

tW
tW

tW RT
  

Otherwise
tPDRPDR RTRT 1          (1) 

            
Where tW RT  is the weight given to the RT traffic at time t ,  

10  is learning rate. tW RT
 increases each time by , if 

the PDR of RT traffic increases and vice versa, indicating the 
trend of network behavior. The value of  is set in such a way 
that after 10 consecutive increments (which is suitable time for 
analysing network behavior) in tW RT ,  PDR of RT traffic 
becomes equal to the PDR threshold . This triggers a change 
in resource allocation to RT traffic by increasing its resource 
allocation according to (2). With this adaptive change, just 
enough radio resources are allocated to RT traffic to keep 
average PDR of RT traffic under threshold and extra resources 
are allocated to NRT traffic to support minimum throughput 
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guarantee to NRT traffic, at the same time. The algorithm 
works as follows. 

Let C be the total available radio resources (capacity) and  
C is the proportion of C allocated to RT traffic then 

C1  is the proportion of available radio resources 
allocated to NRT traffic types. The initial value of  is set 
according to traffic pattern and network load. Then its 
percentage value is changed adaptively based on (2). 

                    PRBtWtt RT1              (2) 

where t  is the proportion of resources allocated to RT 
traffic at time t  and a Physical Resource Block (PRB) is the 
minimum allocation unit. Hebbian learning process is shown in 
Fig. 2.  

 

Figure 2. Hebbian learning process 

    The proportion of available resources allocated to the NRT 
traffic is further divided in different types of the NRT traffic 
(NRT streaming video and BE) by prioritizing streaming traffic 
queue to guarantee its throughput requirements. 

B. Scheduling  Order of RT Users 
To reduce average delay of RT traffic and delay violation 

probability of individual RT users, clustering is used to group 
RT users based on their individual PDR values. Users with 
high PDR values are clustered in one group and the ones with 
comparatively low PDR values, which are not near their 
delay/PDR thresholds, in another group. Sorting these groups 
and prioritizing them appropriately delay and delay violation 
probability of RT users is reduced significantly..  

For the clustering process, K-mean algorithm is used which 
is widely used clustering algorithm [16]. Its process is shown 
in Fig.3. 

For a clustering process Clus , num  denotes the number 
of clusters to be created having one central point (Centroid), 
X  denotes the number of RT users nxxxX ...., 21  that 

is to be clustered and 
num,....., 21 represent each of the 

num  clusters consisting of  
numCCC ,......., 21

 members, 

that is number of RT users. The clustering process Clus  is 

defined as an assignment of RT users to the group of users i.e., 
clusters. 

 
                  numnClus ,......,1,.....,1:               (3) 

 
Users belonging to the same cluster have similar 

requirements in terms of their PDR threshold and dissimilar to 
the users belonging to other clusters. Similarity in clustering is 
fundamental to make appropriate groups of users. The 
dissimilarity between two users is evaluated by distance 
measure.  Each point of given set X is assigned to its nearest 
Centroid based on Euclidian distance as given in (6).  

 
                    2

,.....2,1min kixii xC                     (4) 
 

where 
iC  is the Centroid to which ix  is assigned and k  is 

the thk  Centroid. The squared Euclidean distance uses the 
same equation as the Euclidean distance but does not take the 
square root while evaluating dissimilarity. The mean of all 
points assigned to a Centroid is calculated and the position of 
each Centroid is updated by the mean of points assigned to it. 
This process is repeated until no Centroid is shifted in the next 
iteration, resulting in num  clusters. Considering all clusters, 
the clustering process is guided by the cost function J , which 
is the sum of distances between each user and the Centroid to 
which it is assigned, as given in (5). The optimization 
objective is to minimize J so that the dissimilarity between 
the users of same cluster becomes minimum or null. 
 
                             num

i cx
ji

jj

CxdistJ
1

,                        (5) 

 
Figure 3. K-mean clustering 

    K-mean clustering algorithm is summarized in in Fig. 4. 
The input is a set of k users with their PDR values in a given 
TTI, PDR threshold and the number of clusters num . With 
this information, K-mean clustering algorithm is applied to 
make clusters Clus of RT users based on their PDR values. 
These clusters are then sorted (sortedClusteres) in an order 
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that a cluster with highest value of Centroid becomes at top 
and the one with lowest value of Centroid is at the end 
(bottom). The clusters of users are then fitted in TD scheduler 
according to the capacity proportion of RT traffic as described 
in Section III-A. The order of users (userClustered) in the 
scheduled cluster is kept same as in the queue management 
stage. Only the priority of users with higher PDR are is 
increased. Fig.4 gives the flow of K-mean Clustering 
algorithm. 
 

 
Figure 4. Clustering based scheduling 

    Finally these users are scheduled   in the FD scheduler stage 
by allocating PRBs to the selected users by exploiting FD 
multiuser diversity. 

III. SYSTEM MODEL AND PERFORMANCE METRICS 
An Orthogonal Frequency Division Multiple Access 

(OFDMA) system is considered. One PRB consists of 12 sub-
carriers in each Transmission Time Interval (TTI) of 1 ms 
duration. There are Kk ,....2,1  mobile users and 

Mm ,....2,1  PRBs. The downlink channel is a fading 
channel within each scheduling drop. The received symbol 

tY mk ,  at the mobile user k  on sub-channel m  is the sum of 
the additive white Gaussian noise (AWGN) and the product of 
actual data and channel gain, as given in (1-3]. 

 
                   tZtHtY mkmkmk ,,,                      (6)  

                   
where,

 tY mk ,
is  data symbol from eNodeB to user k  at sub- 

channel m , tX mk ,  is the input data symbol, 2
, tH mk

 is 
the complex channel gain of  sub-channel m  for user k , and 

tZ mk ,
 is the complex White Gaussian Noise [4]. It is 

assumed, as in [2] [4] [5] and [17-18], that the power allocation 
is uniform, MPtPm  

on all sub channels. Where, P  is 
the total transmit power of eNodeB, tPm  is the power 
allocated at sub-channel m and M is total number of sub- 
channels. At the start of each scheduling drop, it is assumed 

that the channel state information (CSI) is perfect and is known 
by the eNodeB as in [4]. 
    The achievable throughput of a user k  on sub-channel m  
can be calculated by (7) as  in [2] and [19]. 
 
                   

tP
tH

BtC m
mk

mk 2

4
,

2, 1log
           (7) 

 
where, B is the bandwidth of each PRB, 2 is the noise power 
density and  is a constant signal-to-noise ratio (SNR) gap and 
has a simple relationship with the required Bit Error Rate (BER) 
as given in (8). 
 
                                     

5.1
5ln BER                                (8) 

 
    In this paper, the performance of ATDSA is evaluated in 
terms of average delay and PDR (service-level) and delay 
viability (user-level) of RT traffic, and system throughput 
(system-level). The delay violation probability is measured by 
users’ packet loss ratio. The packet loss ratio (equivalent to 
PDR) of kth  RT user is defined as the ratio of number of 
dropped packets to the total number of packets arrived and is 
given by (9).  
  

                              total
k

dropped
kPDR

k n
np                                 (9) 

 And the delay violation probability is given by (10) [19]. 

                      PDR
kRTk plityDelayViabi max                (10) 

    The system throughput is the sum of throughput achieved by 
all users. 

IV. SYMULATION MODEL AND RESULTS 
    This section gives an overview of simulation model and 
discussion on achieved results. 

A. Symulation Model 
    A single cell with one eNodeB and a system bandwidth of 
10 MHz is considered. The total system bandwidth is divided 
into 55 PRBs each of size 180 kHz. The wireless environment 
is typical Urban Non Line of Sight (NLOS) and the LTE 
system works with a carrier frequency of 2GHz. The most 
suitable path loss model in this case is the COST 231Walfisch-
Ikegami (WI) [19] as used in many other papers on LTE. Users 
are assumed to have a uniform distribution and the total 
number of RT users is assumed to be equal to total number of 
NRT users as in [4]. The delay budget for RT traffic is 40ms in 
OFDMA-based networks [4] [19]. Total eNodeB transmission 
power is 46dBm (40w) and maximum BER requirement is 

410 for all users. The simulation parameters used for system 
level simulation are based on [20-21] and these are typical 
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values used in many papers. These parameters are listed in 
Table 1. 

TABLE 1 SIMULATION PARAMETERS 

Parameter Value/comment 

Cell topology Single cell 

Cell Radius 1 km 

UE distribution Random 

Smallest distance from UE to 
eNodeB/m 

35 m 

Path Loss model COST 231 Walfisch-
Ikegami (WI) model 

Shadow fading standard 
deviation/dB 

8 dB 

System bandwidth/MHz 10 MHz 

PRB bandwidth/kHz 180 kHz 

Carrier frequency/GHz 2 GHz 

BS transmission power 46dBm(40w) 

Traffic model Poisson process 

B. Simulation Results 
    The performance of proposed packet scheduling scheme 
ATDSA is evaluated and compared against QoS aware mixed 
traffic packet scheduling algorithm (abbreviated as MIX in all 
figures) [3] and SWBS [4]. MIX [2] classifies mixed traffic in 
different queues and sort users in these queues with queue 
specific sorting algorithms, picks users from queues by fair 
scheduling in the TD and allocates resources to these users in 
the FD. In Fair TD scheduling, users are picked from the 
queues one-by-one thus allocating a fair share of radio 
resources to all queues. SWBS [4] uses a sum waiting time 
based scheduling algorithm in which sum waiting time of 
packets is taken into account while prioritizing RT and NRT 
traffic types. For RT traffic it takes real waiting time of 
packets and for NRT traffic, it takes virtual arrival time of 
packets which is related to the minimum throughput 
requirement of NRT traffic. 
    In this paper, the packet arrival process for RT, NRT 
streaming video and BE traffic is Poisson distribution with 
0.35 ON time. The total number of active users is varied from 
50 to 100. 
    Fig. 5 shows average delay of RT traffic verses total 
number of active users. Average delay increases with the 
number of users for all algorithms as shown. However 
ATDSA shows the least delay as compared to SWBS and 
MIX. ATDSA shows 33% and 48% lower delay as compared 
to MIX and SWBS, respectively. This is because ATDSA 
takes into account of the individual users’ delay demands and 
average PDR of RT traffic.  

    Fig. 6 shows delay violation probability of RT users verses 
total number of active users. Delay viability is decreased 
significantly by ATDSA because of the integration of K-mean 
clustering in scheduling architecture, specifically when system 

is under higher network loads. The reason is that k-mean 
algorithm rearranges users’ priority based on their PDR 
thresholds and schedules users having higher PDR values. 
This is the ultimate goal of integrating K-mean clustering in 
scheduling architecture; to improve the performance of 
individual RT users with respect to their PDR which is 
achieved without violating scheduling  performance in other 
domains such as, throughput of NRT streaming video traffic 
and system overall throughput. 
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Figure 5. Average delay of RT traffic     
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Figure 6. Delay viability of RT traffic 

    The average PDR of RT traffic is shown in Fig. 7. It 
increases with the number of users for all algorithms. As can 
be seen, ATDSA shows lower PDR as compared to MIX and 
SWBS at higher system loads. However at lower system loads 
(50 and 60 users), PDR for all algorithm is same because 
available resources are enough to satisfy QoS of all RT users.  
The improved performance of ATDSA is because it adaptively 
changes RT capacity proportions based on average PDR of RT 
traffic as described in section II-A. 

    System overall throughput is shown in Fig. 8. SWBS 
achieves the lowest system throughput which is decreased by a 
significant value of 10 Mb/s at lower system load and 5Mb/s 
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at the higher system load as shown. This is because SWBS is 
designed only to improve QoS provision to RT and NRT 
traffic. ATDSA achieves almost similar system throughput at 
lower system loads, however there is a slight decrease at 
higher system loads. This is because at higher system loads, 
K-mean algorithm gives priority to RT users reaching their 
PDR thresholds. These users may not have comparatively 
good channel conditions and cause a slight decrease in system 
overall throughput. 
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Figure 7. Average PDR of RT traffic     
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Figure 8. System throughput 

V. CONCLUSION 
    In this paper, an intelligent scheduling architecture is 
presented for LTE-A downlink transmission, which integrates 
Hebbian learning process and K-mean clustering algorithm, to 
enhance the QoS provision to RT traffic and NRT traffics and 
to maintain system overall throughput at good level. The 
integration of Hebbian learning process intelligently 
distributes available resources among RT and NRT traffics 
and reduces average PDR of RT traffic. The K-mean 
clustering algorithm clusters RT users based on their 
individual PDR values and reduces delay and delay violation 
probability of RT users by prioritizing these clusters 

appropriately. System level performance in terms of system 
throughput is maintained at good level by exploiting multiuser 
diversity both in the TD and FD. 
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