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Abstract—In this paper, a resource scheduling algorithm for 
Long Term Evolution (LTE) downlink is proposed. It provides 
Quality of Service (QoS) guarantee to Guaranteed Bit Rate 
(GBR) services and also suit to the Non Guaranteed Bit Rate 
(Non-GBR). Different services possess different QoS needs in 
LTE system, based on this, 3GPP divide them into several 
types. In view of the division, we set priorities for different 
kinds of services to guarantee the transportation of GBR 
services which have high QoS needs. At the same time, we take 
the Media Access Control (MAC) layer logical channel priority 
into account, and consider users’ channel quality to acquire a 
higher cell throughput. Simulation results show that our 
scheme can improve the QoS of emergency services obviously 
at the cost of a certain amount of the non-real times’. 

Keywords-resource scheduling; GBR; Non-GBR; QoS; LTE 

I.  INTRODUCTION 

In recent years, there appear some kinds of 
communication systems using Orthogonal Frequency 
Division Multiplexing (OFDM), for example, WiMAX and 
3GPP LTE. They support different services and can achieve 
high throughput. On the other hand, these systems are able to 
improve cell throughput further by means of combing with 
techniques such as Multiple Input Multiple Output (MIMO) 
and Hybrid Automatic Repeat reQuest (HARQ). However, 
introduction of these new techniques makes higher 
requirement to the resource scheduling algorithms in MAC 
layer. 

Traditional scheduling algorithms, including Maximum 
Carrier to Interference (max C/I), Round Robin (RR) and 
Proportional Fairness (PF) [1][2], and its improved 
algorithms [3][4] have a common drawback. Non of them 
take QoS needs of user’s services into consideration. 
Sometimes there are many users in the system and Non-GBR 
services need too much resource, in this case, this kind of 
algorithm can’t guarantee the performance of GBR services. 

There exist some algorithms considering user QoS for 
Orthogonal Frequency Division Multiple Access (OFDMA) 
system. One is Earliest Deadline First (EDF) [5], user with 
maximum packet delay has the highest priority, and this 
algorithm does best in packet delay and loss rate. Whereas, it 
can neither guarantee system throughput nor suit to non-real-
time services. Another is Modified Largest Weighted Delay 
First (M-LWDF) [6] and its modified algorithms [7] [8]. This 
kind of algorithm adds packet delay to PF, and combines it 

with channel quality information. Nonetheless, they neither 
consist of difference between logical channel prioritization 
nor apply to non-real-time service. 

Therefore according to limitation of the above methods, 
we propose a novel scheduling algorithm. It combines 
service QoS and MAC logical channel prioritization with 
user channel quality indication and fairness between users. It 
applies to not only GBR bearers but also Non-GBR bearers.  

The paper is organized as follows. In Section II, it 
provides the system model of resource scheduling in LTE 
system. Section III describes the proposed resource 
allocation algorithm. Section IV presents the simulation 
results and performance analysis. Finally Section V 
concludes this paper. 

II. SYSTEM MODEL 

Packet scheduling is to manage and schedule services 
according to their characteristics. When there are several 
packet streams waiting to be served, we should determine 
reasonable service rules to arrange the service order, service 
time and transmission rate to satisfy their QoS needs, this is 
the basic issue of packet scheduling. In LTE system, 
scheduler is the functional entity to achieve packet 
scheduling. To match different wireless channel data rate 
quickly, and meet the needs of different kinds of high speed 
packet service, it has been moved from Radio Network 
Controller (RNC) side in WCDMA to evolved NodeB 
(eNode B) side in LTE [11]. 

A. Scheduler in LTE  

Scheduler is the functional entity to achieve fast packet 
scheduling and the core function of MAC layer in LTE 
eNode B [10]. It has a major impact on the performance of 
the system. It contains uplink scheduler and downlink 
scheduler, which take charge of allocating physical layer 
resources for Uplink Shared Channel (UL-SCH) and 
Downlink Shared Channel (DL-SCH) respectively. Physical 
layer resources mainly consist of Physical Resource Block 
(PRB), Modulation and Coding Scheme (MCS), power 
allocation schemes and antenna selection schemes in the 
multiple antenna case [9]. Fig. 1 shows the position of 
scheduler in LTE protocol and its relationship with key 
techniques like HARQ and Adaptive Modulation and Coding 
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(AMC). Its key function is to determine how to allocate 
resource to users properly for the purpose of maximizing 
system throughput, on condition that ensure packet delay and 
QoS.  

 

Figure 1.  Position of scheduler in LTE protocol 

B. Downlink Scheduling Process in LTE 

As mentioned, channel quality is necessary in scheduling. 
eNode B obtains it by receiving feedback of channel quality 
indicator from user. As shown in Fig. 2, downlink scheduler 
allocates resource for users according to their channel quality, 
QoS needs and fairness. eNode B sends date and scheduling 
signaling according to the scheduling results. Scheduled 
users accept data in the light of RBs allocation results, MCS 
and antenna select options in downlink scheduling signaling. 

 

Figure 2.  Downlink scheduling process 

III. DESCRIPTION OF RESOURCE SCHEDULING 

ALGORITHM 

The resource allocating algorithm that we will descript 
accomplishes the scheduling function in figure2. In the 
proposed algorithm, GBR service is definitely prior to Non-
GBR service, and resource allocation for Non-GBR service 
is behind of GBR. 

Occasionally, there may be many users in the system and 
these who have terrible channel quality occupy too much 
resource to transport GBR data, thus lead to the reduction of 
system throughput. To prevent the appearance of this 

situation, we set a threshold α , called percentage of the 
resource that GBR services can utilize. It signifies the 
permission of GBR services. When α  is large, it means that 
there will be more resource that GBR services can use, and 
their QoS needs is able to be satisfied sufficiently; while α  
is small, the situation is reversed. α  is an experience value, 
and is changeable. It can be set based on the number of users 
and percentage of GBR services in the system. 

In the situation that there are no GBR resource while 
there still exist GBR services, we stop serving for them. If all 
of GBR services have been served before GBR resource is 
exhausted, the rest belong to the non-GBR. 

The whole technological process is illustrated in Fig.3. 

 

Figure 3.  Block diagram of the algorithm 

We will introduce our resource scheduling algorithm in 
two steps. 

A. Resource Allocation of GBR Services 

As before, if there are GBR services, we allocate 
resource for them preferentially. If all of the GBR available 
resource is exhausted, then serve Non-GBR services in turn. 

When allocating resource for GBR services, we should 
take into account users’ channel quality, packet delay and 
logical channel prioritization. For GBR services, we set the 
priority calculation formula as follows. 

i
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Where, iw  is the weight factor of logical channel i. iR  

is the guaranteed bit rate of service i. UE  is spectrum 

efficiency of user U. i
UH  is the history throughput of 
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service i, and i
UD  is its queue delay. iT  is the maximum 

delay that service i can tolerant. We will explain the key 
factors as follows in detail. 

Computing methods of UE  and i
UH  are the same as 

conventional PF algorithm. UE  represents spectrum 

efficiency of user U and it is the reflection of channel quality; 
it can be obtained from users’ Channel Quality Indicator 

(CQI) as shown in Fig. 2. i
UH  is the history throughput of 

user U service i which is able to bring better fairness to the 
system. We can get it by imitating the method in 
conventional PF, and the formula is as follows. 

i
U

i
U

i
U THH **)1( ββ +−=                 (2) 

Where, i
UT  is data volume received successfully by user 

U service i in the last TTI, β  is the factor to compute 

history throughput, generally it is 0.01. 

Several services maybe available at the same time for one 
user, that is, there are several downlink Dedicated Traffic 
Channels (DTCH). Priority between them is determined by 
MAC Logical Channel Prioritization (MLP). We introduce 

iw  to prioritize DTCH. 

When setting factor iw , both Signaling Radio Bearer 

(SRB) and Data Radio Bearer (DRB) should be taken into 
account. MLP of SRB is set default in protocol, SRB0 and 
SRB1 has been set 1 while SRB2 3. Priority of DRB is left to 
be set according to the specific circumstance. We put 
forward a method on account of the partition of services in 
protocol. 

Suppose there are m kinds of DTCH, and MLP value 1, 2, 
3 are left to SRB, then the rest 4~m can be used by DRB. For 
the DRB, a DTCH corresponds to a service while a service 
corresponds to a QCI value provided in protocol. 
Consequently, we set MLP=QCI+3. When MLP=i, weight 
factor of logical channel priority can be calculated by 

im
i nw −=                                 (3) 

Where n is a positive integer greater than 1. 

To reduce the delay and decrease the packet loss rate, we 

introduce a delay related factor i
UD , which represents wait 

time of packet. The larger its value, the higher priority it 
corresponds to. This factor is capable of enhancing the 
scheduling priority of users who have longer wait time. 

B. Resource Allocation of Non-GBR Services  

We begin to allocate resource for Non-GBR services 
after all GBR services have been served or GBR available 
resource is exhausted. In view of their lower demand for 
QoS, and to reduce the complexity, we refer to the 
conventional PF algorithm as well as leave out delay and loss 

rate factors. Similarly, we add iw  into our calculation to 

enable QCI high service get higher priority. 

Priority calculation formula is as follows: 

i
U

U
i

i
U H

E
wF *=                                   (4) 

Where, iw  is the weight factor of logical channel i, UE  

is spectrum efficiency of user U, i
UH  is the history 

throughput of service i. These factors can be obtained in the 
same way as former. 

What to note here is that, to avoid starvation, while still 
serving the logical channels according to their priorities, in 
LTE a Prioritized Bit Rate (PBR) is configured by the eNode 
B for each logical channel. That is to say, when allocating 
resource for users, RBs needed by PBR will be allocated in 
the first place. Only when all logical channels have been 
served up to their PBR, then if there is still room left in the 
MAC PDU each logical channel is served again in 
decreasing order of priority. In the process of secondary 
distribution, only logical channels that still have data can be 
served in decreasing order of priority. Priority mentioned 
here is the one we calculated before.  

IV. SIMULATION RESULTS AND PERFORMANCE ANALYSIS 

A. Simulation Parameters  

In this section, we evaluate performance of the proposed 
scheduling algorithm, called proposed PF. In the simulation, 
a total of 7 BS (cells) are considered in all simulations and 
users are randomly distributed in each cell. The available 
spectrum is 20MHz with carrier frequency 2.0GHz. Related 
specifications are listed in Table I. 

TABLE I.  SYSTEM SIMULATION PARAMETERS 

Parameter Setting/description 

System Structure 
7cells, 3sectors per 
cell 

Distance between two sites 500m 

Radius of sector 166.67m 

BS height 30m 

Minimum distance from user to BS 35m 

Number of users per sector 5、10、15、20、25 
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Frequency reuse number 1 

System mode TDD 

Subframe configure 1 

Carrier frequency 2GHz 

System bandwidth 20MHz 

Total RB number 100 

Subcarrier number per RB 12 

Transportation mode 
Open-loop spatial 
multiplexing 

Antenna number 2*2 

Channel type SCME 

Shadow Fading Standard Deviation 8dB 

In order to show how the LTE MAC scheduler serves 
and handles the mixture of the different QoS services, users 
with three different QoS services (VoIP, Video and FTP) are 
defined, as shown in Table II. Some of them must be served 
with higher priority because of their real time nature. We 
investigate what happens if we mix all these services within 
one QoS class without distinguishing between the GBR and 
non-GBR, and what happens if we separate them. 
Meanwhile we set parameter α  =0.5. 

TABLE II.  SERVICES SETTING 

Service name Service type QCI grade 

VoIP GBR 1 

Video GBR 2 

Ftp Non-GBR 8 

B. Results Analysis  

Performance evaluation of scheduling algorithm contains 
three aspects: sector throughput, service delay and fairness 
between users. We get sector throughput by means of 
calculating transmitted data in sector, and service delay by 
packet wait time. Fairness between users can be computed 
via the following formula: 





=

==
N

1i

2

2
N
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i

N

)x(

ix
F                                     (5) 

Where, ix  is the amount of data that service i transmits 

successfully, N is the total number of service i. Suppose F=1, 
it means that the resource allocation can meet all of the users, 
and the system fairness is best. The higher the value of F is, 
the better the fairness between users. The value of F ranges 
from 0 to 1. 
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Figure 4.  Throughput of sector and ftp 

Fig. 4 shows that throughput of the sector and ftp in our 
proposed algorithm is lower than the conventional PF with 
the increase of user number. While there are few users in the 
system, all users’ emergency telecommunication services can 
be served; there is no difference in throughput. However, 
with the user number in system increased, wireless resource 
is insufficient, in this case, the prioritization of VoIP and 
Video result in the decrease of ftp throughput. On the other 
hand, some of the RBs are allocated to users who have poor 
channel quality to transmit GBR data instead of serving users 
with high channel quality; this also leads to the reduction of 
the sector throughput. 
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Avg. Cell Throughput For Video(conventional PF)
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Figure 5.  Throughput of VoIP/Video 

In Fig. 5, throughput of VoIP and Video in the proposed 
algorithm is higher than the conventional evidently with the 
increase of users. This is because we allocate RBs for GBR 
data prior. This indicates that our algorithm is capable of 
improving throughput of GBR bearers. 
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Figure 6.  Comparison of service fairness 
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Figure 7.  Comparison of service delay 

Finally, service fairness and delay are shown in Fig. 6 
and Fig. 7. Along with the number increase of users, at the 
cost of a certain amount of performance drawback of ftp, 
Video and VoIP are capable of keeping preferable fairness 
and lower delay compared with conventional PF algorithm 
when applying the proposed. The key is that GBR service is 
prior to Non-GBR. This attains our goal that assures the QoS 
of real-time services at the cost of a certain amount of non-
real time services’ performance. 

V. CONCLUSION 

In this paper, a novel resource scheduling algorithm 
based on difference of service QoS for LTE downlink has 
been proposed. The proposed MAC scheduler considers two 
main types of QoS bearers: Guaranteed Bit Rate (GBR) and 
Non Guaranteed Bit Rate (non-GBR). We assign RBs to 
GBR bearers ahead of Non-GBR to satisfy QoS of real-time 
service. We design a parameter to prevent GBR services 

from occupying too much resource when there are too many 
users in the system. A MAC logical channel prioritization 
weight factor is introduced to optimize the performance of 
service that has higher priority. The algorithm suits to not 
only real-time service but also the non-real-time, and 
simulation results show that it is able to improve the 
performance of GBR services at the cost of a certain amount 
of the non-real times’. 
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