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Abstract— This paper studies the load of control signal for machine type communication devices (MTCD) in long term 
evolution (LTE) network. Comparing to the traditional wireless communication services, internet of things (IoT) shall 
accommodate much more sensors or machine nodes and, therefore, introduce huge signaling load for radio resource 
management procedure. In order to reduce the signal overhead, the dynamic device grouping approach is proposed in this 
paper. Additionally, we also propose the residual radio resource allocation scheme based on the usage prediction. The purpose 
of the proposed grouping and allocation scheme is not only to reduce the number of control message generated but also to 
effectively utilize radio resource. According to the experimental results, the proposed device grouping and radio resource 
allocation scheme properly achieve the above objectives. 
 
Index Terms— Machine type communication, LTE, Radio resource allocation, Control signal  
 
I. INTRODUCTION 
 
Internet of Things (IoT) provides the infrastructure of 
future intelligent services. Hence the networks, 
including wired and wireless transmissions, shall 
provide machine devices communication in addition 
to the human communication. In wireless 
communication, information is conveyed through the 
radio spectrum, however, the radio resource is limited. 
Although the IoT devices can utilize unlicensed radio 
band to deliver data [1], it introduces uncontrollable 
interference during transmission and the licensed radio 
band provide more efficient radio resource 
management. In this paper, we focus on the licensed 
spectrum like LTE. In LTE, the radio resource is 
managed by eNode B (eNB) in centralized manner. 
LTE network defines the machine-type 
communication (MTC) for the provisioning of IoT and 
the functions of machine device communication 
devices (MTCD) is similar to the conventional user 
equipment (UE) under the management of eNB. The 
radio resource, including the downlink and uplink, is 
exclusively managed by eNB. eNB can directly 
utilizes the radio resource to deliver information to 
UE/MTCD. However, for the uplink transmission, the 
MTCD shall inform eNB for the allocation of radio 
resources when it has buffered data waiting for 
delivery. Besides establishing a connection through 
the random access (RA) process, the MTCD also asks 
for uplink traffic radio resources via scheduling report 
(SR). It then issues a buffer status report (BSR) 
message to inform eNB the volume of the buffered 
data that must be transmitted. eNB allocates an uplink 
radio resource to each MTCD by referring to the BSRs 
it received. Additionally, as the quality-of-service 
(QoS) requirements of MTCDs may differ to each 
other and the channel conditions may also vary from 
time to time, the radio resource should be properly 
allocated to satisfy the QoS needed by each MTCD 
and maximize spectrum utilization [2]-[4]. Thus eNB 

shall well perform the negotiation and allocation of 
radio resource effectively. The radio resource shall not 
only allocate to the proper devices but also consider 
the spectrum efficiency. 
 
In IoT, High frequencies of small data bursts and large 
numbers of MTCDs in a network introduce high signal 
overheads, which include BSR signals and physical 
downlink control channel (PDCCH)-related messages 
for reporting the radio resource allocation results sent 
by the MTCD and eNB, respectively. A viable 
approach to decrease the signaling overhead and radio 
resource allocation complexities in these systems is to 
minimize the number of resource request/allocation 
objects by grouping MTCDs together. Thus, instead of 
allocating a radio resource for each MTCD, eNB 
allocates radio resources on a group basis. 
 
As the members of the same group may have different 
QoS requirements and channel conditions at different 
time instances, the group must be flexibly adjusted to 
not only utilize the radio spectrum effectively but also 
satisfy the QoS of each group member. In this paper, 
we assume that each MTCD issue BSR independently, 
however, constrained by the predefined buffer 
threshold, the eNB will group MTCDs according to 
their channel condition for effectively resource 
allocation. As the channel conditions of MTCDs vary 
from time to time, eNB will adjust the MTCD groups 
accordingly. Additionally, the prediction based radio 
residual resource allocation scheme is proposed to 
minimize the occurrence of BSR, thereby minimizing 
the control overhead. 
 
The remainder of this paper is organized as follows. 
Section 2 provides the review of related works. 
Section 3 describes the dynamic grouping and radio 
resource allocation schemes in detail. In Section 4, 
simulation results are presented with discussion to 
illustrate the performance of the proposed scheme.  
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And Section 5 concludes our work and the possible 
future research directions. 
 
II. RELATED WORKS OVERVIEW 
 
The recent progress of IoT pushes the communication 
network to provide machine type communication in 
addition to the traditional human-to-human 
communication. Therefore, the hybrid and coexistence 
architecture was proposed in [5]. Several recent 
studies have investigated the challenges of machine 
type communication for overload control. The MTC 
can be divided into direct machine to machine or peer 
to peer-like communication architecture and star-like 
communication architecture. For direct device-to- 
device communications, several types of 
device-to-device communication negotiation and 
radio resource scheduling algorithms were surveyed in 
[6]. In [7], both WiFi-Direct and LTE-Direct used for 
data transmission through the aggregator was studied. 
The buffer-threshold based random access scheme for 
group aggregators was provided to decrease collision 
probability among groups [8]. For the IoT in LTE, 
several recent researches focus on the network 
evolution from human-to-human communication to 
machine type communication [4, 9, 10]. In [4], the 
author proposed two methods to transmit emergent 
message sensed by MTCD within limited time delay. 
In [9], the authors clearly identified that machine type 
communication is one of the main issues toward 5G 
network. Several effective design strategies for 
massive machine devices were presented to enhance 
the design of next generation cellular technologies. 
And the deployment of MTC over cellular from a 
business perspective was also analyzed for an MTC 
market structure.  
For the group MTCD issue, an M2M communication 
approach was investigated to g roup MTCDs logically 
based on the service demand patterns or physical 
locations of the MTCDs [11]. In [12], the interactions 
of control signals and the data plane were studied and 
the authors opined that large control overheads can 
affect effective throughput. In [13], the authors 
mentioned that the data transmission of several M2M 
applications, especially wireless sensor applications, 
may be predicted and that grouping MTCDs with 
correlated traffic patterns for scheduling can 
efficiently decrease delay latency. In [14], a 
group-based scheduling algorithm of M2M 
communication was proposed to address situations 
including a massive number of device accesses; 
however, their scheme did not consider the variable 
channel conditions of the included MTCDs. 
Generally, the number of MTCD is quite large and the 
control overhead increases when comparing to the 
limited number of UE in traditional human 
communication phenomenon. Thus classifying large 
numbers of MTCDs into groups is clearly an approach 
that may be utilized to downscale the problem size and 
decrease processing overhead. However, MTCDs 

present different QoS requirements and channel 
conditions; thus, the grouping scheme should be 
flexible enough to adapt to each group member so that 
eNB can effectively allocate radio resources in a 
group-wise manner. 
 
III. THE PROPOSED GROUPING AND 
RESOURCE ALLOCATION SCHEME 
 
The basic concept of the proposed scheme is to 
allocate the resource block (RB) of LTE in group basis 
while each MTCD can issue BSR independently if it 
has data waiting for delivery. The system architecture 
is provided in Figure 1. Conventionally, in LTE, UE 
issues a BSR to eNB for the desired bandwidth once it 
has data ready to be transmitted. To decrease the 
control signal volume, the proposed scheme restricts 
MTCDs from issuing BSR messages. MTCD is 
designed to send BSR when their buffering status 
satisfies a specific threshold sendP . Each MACD has 
individual delay tolerance for data transmission. And 
the parameter sendP  is defined by the ratio of the 
maximum delay of the backlog data waiting in the 
buffer and the maximum delay tolerance of the 
MTCD. 
 

 
Figure 1 The system architecture of the proposed scheme 

 
(A) Dynamic grouping 
The channel condition of wireless communication 
determines the modulation and coding scheme (MCS) 
used. And the MCS level dominates the effective 
transmitted data rate. In LTE, UE/MTCD shall report 
its channel condition to eNB periodically so that eNB 
can arrange proper subcarriers (or RB) to suitable 
device. In the proposed scheme, both of channel 
condition and the number of group members are 
considered for grouping. The proposed scheme tends 
group MTCDs with the same or similar MCS level 
together, however, the number of devices of one group 
is constrained by the upper bound maxS  and lower 
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bound minS . The proposed scheme first examines the 
MCS level associated with the signal to interference 
noise ratio (SINR) values of the RBs. The grouping 
procedure starts from the highest MCS level. If the 
number of MTCDs, which have the same MCS level,  
falls between maxS  and minS , then the group is 
formed. Otherwise, 
- If the number of MTCDs exceeds maxS : the 
proposed scheme finds the second-largest number of 
MTCDs with RBs of MCS level for grouping. And if 
the number is still larger than maxS , then it will 

randomly choose maxS  MTCDs for grouping. 

- If the number of MTCDs is less than minS : the 
proposed scheme will downgrade required MCS level 
by one and perform the grouping operation once more. 
However, the proposed scheme allows downgrades in 
MCS by up to two levels at most to maintain the 
spectrum efficiency. In this case, the number of group 
members is less than minS . 
An example of 10 MTCDs and 7 RBs by assuming 

maxS and minS  equal to 4 and 2, respectively, is given 
as follows. The initial condition of MTCDs versus 
RBs is illustrated in Table 1.  
 

Table 1 Example with 10 MTCDs and 7 RBs (initial) 

 
 
The formatting of the first group is provided in tables 2 
and 3, respectively. It shows that the scheme selects 
the second-largest number of MTCDs with RBs of 
MCS level, i.e. MTCD 1, 2, 3, 4, for grouping. 
 
Table 2 Find the second largest number of MTCDs for the same 

or above MCS level 

 

Table 3 Formatting the first group 

 
 
(B) Radio resource allocation 
The proposed scheme performs resource allocation for 
groups in two stages. In the first stage of allocation, 
eNB schedules radio resources for groups on a 
reservation and priority basis. Thus, if any of the 
MTCD members of a group issues a BSR to eNB, this 
group will be allocated with the RB that was reserved 
for it according to the dynamic grouping algorithm. 
eNB then allocates the remaining RBs to the various 
groups according to priority. The priority of each 
group is determined by the total bandwidth explicitly 
specified by each group in the BSRs. Groups with 
higher bandwidth requirements have higher 
scheduling priority. Thus, each group will be allocated 
with at least one RB if any of its MTCD members 
issues a BSR. Then, eNB allocates radio resources to 
satisfy the required bandwidth of the group in a 
priority-wise manner, possibly exhausting these 
resources for higher priority groups with higher traffic 
loads. It is noted that the applied MCS level of each 
group shall follow the lowest MCS level of the MTCD 
in the group, therefore, different RBs may convey 
different number of data bits due to different MCS 
level. 
If there is RB left after the first stage allocation, the 
proposed scheme will allocate the residual bandwidth 
by using the implicit information. The heuristic 
information referred for the second stage allocation 
includes the number of MTCD in group i iN , the 

number of BSR message received in group i iBSRS _ , 
the previous RB allocation time, minimum of the 
maximum delay tolerance of group i iD , the number 

of MTCD in group i with delay tolerance iD  iDN _ , 
and whether the group completely utilizes the 
allocated bandwidth in previous allocation. As 
mentioned above, the MTCD refers the delay status in 
its buffer sendP  to determine whether to issue the BSR 
or not, the allocated bandwidth in the first stage may 
not be enough for the group. And if the group fully 
utilizes the allocated bandwidth in previous allocation 
time, then the group will have potential to acquire 
more bandwidth in this allocation time. Therefore, in 



International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084     Volume-5, Issue-9, Sep.-2017 
http://iraj.in 

Study of MTCD Grouping and Resource Scheduling for Reducing Signal Load in LTE Network 
 
4 

the following, we adopt two weighting functions to 
represent allocated resource fully-utilized ( )( fiW ) and 

under- utilized conditions ( )(uiW ), respectively, by 
considering the above parameters.  
- If allocated resource is full-utilized: 
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- If allocated resource is under-utilized: 
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where nowiT _  and preiT _  represent the current 
allocation time and previous allocation time for group 
i, respectively. The larger the weighting value is, the 
more portion of residual bandwidth is allocated. It is 
easy to realize that, in the same condition, )( fiW  is 

larger than  )(uiW  due to sendP . An example with 3 
groups and 6 residual RB is provided in the following 
Figure 2. It illustrates that group 1 and group 3 fully 
utilize the allocated resource in previous allocation 
time, while group 2 does not fully utilize the allocated 
RBs. According to the calculated weightings, group 3 
has the highest value and is allocated with 4 RBs, and 
group 1 is allocated with 2 RBs. As the residual RB is 
completely allocated to group 1 and 3, the group 2 is 
not allocated with any RB in this example. 
 

 
Figure 2 The example of residual RB allocation 

 
IV. EXPERIMENTAL SIMULATIONS 
 
In order to investigate the performance of the proposed 
scheme, experimental simulations were performed to 
conduct the discussions. The channel bandwidth of 
eNB was assumed to be 20 MHz, resulting in 100 RBs 
in each frame. The ITU Veh-A channel model was 
applied and the regrouping period was assumed to be 
50 frames in the simulations. Three types of MTCDs, 

with different delay tolerances, coexisted in the 
simulation environment. The simulation results of the 
proposed dynamic grouping scheme were compared 
with the static grouping algorithm [15]. We fixed the 
device number to be 450 and other parameters and 
varied the maximum number of devices in one group 
as shown in the following Table 4. 
 

Table 4 The simulation parameters 

 
 
Figure 3 illustrates the average number of BSR 
message sent per frame. It shows that the proposed 
dynamic grouping scheme issues much less number of 
BSR message than the static grouping scheme. The 
main reason is that the proposed scheme adopts the 
heuristic resource prediction scheme to allocate the 
residual bandwidth for MTCD groups and, therefore, 
effectively blocks the MTCD to issue the BSR 
message. It is noted that the threshold sendP  affects 
the occurrence of BSR messages. Figure 4 shows the 
change of the occurrence of BSR messages per frame 
versus by fixing maxS =30 and varying the threshold. 
It illustrates that the numbers of BSR messages 
decreases when the sendP  increases for both schemes. 
And the proposed scheme is still superior to the static 
scheme. 

 
Figure 3 Average numbers of BSR control message sent v.s. 
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maxS  

 
Figure 4 Average numbers of BSR control message sent  v.s. 

sendP  

The performance of radio resource utilization is 
provided in Figure 5. The radio resource utilization is 
defined as the actual utilized bandwidth (in term of 
number of bits) by MTCDs divided by the allocated 
bandwidth. The allocated bandwidth is obtained by the 
allocated RB and its associated MCS level. It shows 
that the proposed scheme utilizes less resource than 
that of the static scheme. The main reason is that the 
proposed dynamic grouping scheme can adapt the 
change of radio channel conditions of MTCD to 
flexibly adjust the MTCD groups. As the MCS levels 
of the MTCDs in the same groups are similar and, 
therefore, eNB can allocate proper RB to each group 
so as to increase the spectrum efficiency. It is noted 
that the bandwidth utilization of the proposed scheme 
increases when the group size increases. The reason is 
that the radio bandwidth is allocated in group basis and 
the allocated RBs is assumed to be shared by all 
MTCDs in the same group. As each MTCD generates 
small data, the allocated bandwidth is more likely to be 
fully utilized when more MTCDs is arranged in one 
group. 
 

 
Figure 5 Bandwidth utilizations v.s. maxS  

 
The generated traffic has different delay tolerance, i.e. 
250ms, 2500ms, and 5 seconds, respectively. If the 
generated data cannot be delivered before the desired 
delay tolerance, it will be dropped. Figure 6 compares 

the dropping rates of the proposed scheme and the 
static scheme. It clearly demonstrates that the 
proposed scheme effectively allocates the residual 
bandwidth by using the heuristic prediction scheme 
and, therefore, the dropping ratio is much less than the 
static scheme.  

 
Figure 6 Dropping ratios v.s. group sizes 

 
We further investigated the dropping ratios of 
generated data with different maximum delay 
tolerance by varying the thresholds sendP . Figure 7 
gathers the dropping statics. It shows that the data with 
the minimum delay tolerance (i.e. 250 ms) has the 
highest dropping ratio. The reason is that, although the 
proposed allocation of residual bandwidth takes the 
minimum of the maximum delay tolerance 

iD  and the 
number of MTCD with the maximum delay tolerance 
in the group iDN _  into consideration, the MTCDs of 
the same group may have different maximum delay 
tolerances. We only consider the MCS level and group 
size for grouping and the allocated bandwidth for each 
group is assumed to be shared by all MTCDs of the 
same group. 
 

 
Figure 7 Dropping ratios of different delay tolerances 

 
CONCLUSION 
 
In this paper, we study the radio resource allocation of 
IoT devices in LTE network. As the number of 
machine devices is much larger than the traditional UE 
devices, the dynamic device grouping scheme and 
prediction based residual bandwidth allocation scheme 
are proposed. The dynamic grouping is helpful for 
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eNB to effectively allocate limited radio resources. 
The proposed prediction based bandwidth allocation 
scheme can heuristically allocate the residual 
bandwidth to each group so as to reduce the number of 
BSR messages generated. And the experimental 
simulation results clearly illustrate that the proposed 
scheme can effectively reduce the number of control 
messages and utilize the radio resources when 
comparing to the static scheme. In this paper, the 
proposed scheme allocates the bandwidth for groups 
and the allocation to each MTCD is not considered. 
There shall be an effective way to allocate the 
bandwidth to individual MTCD, however, the control 
overhead shall also be carefully considered due to the 
huge number of machine devices. And this is one of 
our future research directions. 
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