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Abstract 
Mobile devices and their applications are continuing to develop and the 

more advanced they are, the more they require high data ranges and the 

more they demand of the available wireless communication networks. 

At present, LTE (Long Term Evolution) is a good solution as it provides 

the users of mobile devices with a good throughput and a low latency. 

In the future, the two most important aspects for end users will be 

system spectral efficiency and system power controlling. This thesis 

deals with LTE downlink spectral efficiency and power controlling. The 

thesis will show how, by using IP multicasting for the LTE downlink, 

the base station is able to provide the necessary data through a 

significantly smaller spectrum and, additionally, how cooperative 

diversity, i.e. the cooperation between several base stations, can improve 

or even maximise the total network channel capacity, regardless of 

bandwidth size. A Packet and Resource Plan Scheduling algorithm 

(PARPS) is used to schedule the transmissions, and the results are 

calculated in MATLAB. By this means it is possible to analyse the 

efficiency of the spectrum management, the coverage probability and 

the power controlling for the different transmitters used for the LTE 

downlink. 

The LTE downlink scheme is simulated in Matlab for different numbers 

of transmitters (2-3). IP multicasting over the LTE downlink manages to 

transmit the same amount of data using less transmission power (50- 

66.6%) with a better system spectral efficiency. 

 

Keywords: System spectral efficiency, Matlab, LTE. 
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Terminology 
 

Acronyms  

ACK             Acknowledge. Verification of a correctly  

transferred message. 

AWGN base station  

MBSFN Multicast broadcast single frequency network 

PARPS  Packet and Resource Plan Scheduling 

SSE  System spectral efficiency 

SFN  Single frequency network 

DVB-T  Digital Video Broadcasting-Terrestrial 

QOS  Quality of services  

RRM  Radio resource management  

GSM  Global system for mobile 

DCA  Dynamic channel allocation 

SCH  Static channel allocation 

DAB  Digital audio broadcasting  

FM  Frequency modulation 

OFDM  Orthogonal frequency division multiplexing  

ISI  Inter symbol Interference  

DSFN  Dynamic single frequency network 

DMFN  Dynamic multi frequency network 

QAM  Quadrature amplitude modulation 

PSK  Phase shift key 

FIFO  First in first out 

LIFO  Last in first out 

SIR                                       Signal to interference ratio  

SINR                              Signal-to-Interference-Noise Ratio 

MEMO                         Multimedia Environment for Mobiles 

MME                                   Mobility management entity  

SGW                                              Serving gateway  

PGW                                               Packet gateway 

E-UTRAN            Evolved universal terrestrial radio access network 

ECC                                          Error correction codes 

FEC                                       Forward error correction
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Introduction 

1.1 Background and problem motivation 

Dynamic Radio Resource Management (RRM) involves different 

techniques which are used to improve system efficiency. Many dynamic 

RRM techniques are used for this purpose, such as dynamic channel 

allocation, traffic adaptive handover, power control and link adaption. 

The main motivation of this thesis was to combine all these techniques 

within a single concept for maximum efficiency. The Packet and Resource 

Plan Scheduling (PARPS) is a combination of all the techniques 

mentioned above. Many people have worked on this concept 

previously, including Magnus Eriksson at Mid Sweden University, 

Sundsvall, who wrote "IP multicasting over DSFN and DVB-T" in 1997. 

After Magnus Eriksson’s research, others have continued to study IP 

multicasting over DVB-T during their final theses; namely Mr Ashfaq 

Malik in 2011, S.M. Hasibur Rahman in 2012 and Ranjith Reddy Voladri 

in 2013. The common idea of all 3 was to analyse how PARPS can be a 

useful approach toward DVB-T in terms of radio resource management. An 

analysis has been conducted with regards to the system performance in 

terms of correction codes, transmission power and other radio resource 

management parameters, which can be improved by using PARPS in 

DVB-T. Long Term Evolution (LTE), otherwise known as 4G, is the most 

recent communication technology currently in commercial use. As the 

DVB-T aspect has already been analysed, the purpose of this thesis is to 

investigate whether the same ideas apply to LTE. After implementing 

PARPS, different radio parameters will be measured and an 

investigation conducted as to whether PARPS is also useful for LTE . 

Furthermore, it will be determined which radio parameters can be 

controlled in LTE. Additionally, does LTE have a timeslot or a frame 

structure, which will allow for transmission parameters to be changed, 

such as error correction codes at certain time instants? 
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1.2 Overall aim 

The purpose of this thesis is to investigate how to save and improve 

system spectrum efficiency and power control for an LTE downlink. 

This will be performed by analysing whether PARPS is a useful 

approach to LTE (eMBMS and CoMP), by looking at the system 

performance (in terms of correction codes, coverage probability, 

transmission power, and other radio resource management parameters). 

The PARPS is only applicable in centrally controlled systems such as 2G, 

3G and DVB-T, whereas LTE is not centrally controlled. The aim is 

therefore to investigate how PARPS can be implemented on a LTE 

system.  

 

1.3 Scope 

The scope of this thesis is the introduction of a PARPS algorithm to LTE. 

The PARPS is an algorithm that handles many radio resource 

management parameters. The thesis will analyse different radio 

resource management parameters such as power control and system 

spectral efficiency, in addition to studying which, if any, radio 

parameters can be controlled in LTE. It will also investigate whether 

LTE has a timeslot or a frame structure, thus enabling transmission 

parameters, such as error correction codes at certain instances, to be 

changed. 

 

1.4 Concrete and verifiable goals  

The first goal is to investigate whether it is reasonable to use PARPS for 

controlling error correction codes, transmission power and other radio 

parameters and for implementing CoMP and eMBMS/MB-SFN. The 

PARPS is based on central control, whereas LTE is not a centrally 

controlled system. The second goal is to investigate whether PARPS can 

be implemented on LTE, and if so; how? The third goal is to apply 

PARPS to eMBMS and CoMP and then compare the results obtained 

from a currently existing model (provided that such a model can be 

accessed) with those of a model of conventional unicasting. 
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1.5 Outline 

Chapter 1 gives an introduction to the subject; chapter 2 describes the 

related theory behind this thesis work. Chapter 3 shows the 

methodology and describes some mathematical formulas while chapter 

4 discusses the concept of PARPS. Chapter 5 demonstrates the 

implementation, chapter 6 illustrates the results, and chapter 7 presents 

the conclusion and possible future continuations of the subject 

introduced in this thesis. 
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Theory 

1.6 Multi frequency network 

MFNs "Multi Frequency Networks" are networks in which all 

transmitters send data with different frequencies. Co -channel 

interference can be handled by using different frequencies in the station. 

These frequencies can be reused by others cells if there is sufficient 

distance between them [1]. The figure below shows a MFN, in which 

many cells are using the same frequency (frequency reuse) even though 

they are far away from each other. 

 
Figure 1 Multi frequency network [2] 

1.7 Single frequency network 

Single frequency network or SFN are those in which several transmitters 

broadcast simultaneously on the same frequency channel. DAB "Digital 

Audio Broadcasting", analogy FM and AM radio broadcasting are good 

examples of SFN. Efficient utilization of the radio spectrum is the main 

aim of SFNs, in addition to the broadcasting of more TV and radio 

programs [2]. 
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Figure 2 Single frequencies Network [2] 

By using SFNs, the coverage area may increase and the probability of 

outage decreases because all transmitters are broadcasting the same data 

on one and the same frequency channel. In SFNs there is no frequency 

allocation required because all transmitters have only one frequency. In 

comparison with a classical broadcasting network, SFNs requires fewer 

spectrums [1].  

 

1.8 Dynamic single frequency network 

In SFNs all transmitters send the same information on one frequency 

channel. SFN uses OFDM as a modulation scheme. OFDM modulation 

prevents ISI "Inter Symbol Interference" and frequency fading; hence it 

causes many types of multipath propagation. It is very complex to use 

predictable modulation technique in SFNs. DSFN is based on the single 

frequency network. In DSFN, a group of transmitters sends the same 

information on one frequency. The grouping of the transmitters changes 

according to the time slots and the condition of the receiver. The figure 

below shows a dynamic frequency network with data packet schedules 

[3]. 
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Figure 3 Dynamic single frequency network [3] 

 

The figure above is an example of a DSFN. There are two transmitters, 

Tx1 and Tx2, with five receivers, Rx1 to Rx5, having the same frequency. 

In the first time slot both transmitters send different information using 

the same frequency. In the second time slot both transmitters send the 

same information on the same frequency. In other words DSFNs are 

networks where the grouping of active transmitters depends upon the 

time slots [3]. 
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1.9 Orthogonal Frequency Division multiplexing 

OFDM or Orthogonal Frequency Division multiplexing is a modulation 

scheme in which the signal is divided into low rate data streams and is 

then transmitted simultaneously over the medium, by using a number 

of subcarriers. The low rate of data stream of parallel subcarriers causes 

a symbol duration increase and a multipath delay decrease. By using a 

guard time in every OFDM symbol, intersymbol interference decreases. 

In OFDM, the signal is the sum of the number of subcarriers that 

modulate by using the PSK phase shift key or QAM quadrature amplitude 

modulation. The figure below shows the modulation of OFDM in a block 

[4]. 

 
Figure 4 OFDM modulator block diagram [4] 

1.10 Mobile Television 

At the start of the 21st century, it was expected that mobile users would 

want to watch TV and other multimedia services on their mobiles. 

Mobile companies thus developed different terrestrial mobile TV 

technologies to meet this requirement, including DVB-H, ISDB-T, 

MediaFLO, DMB etc. However, a significant number of service 

providers have abandoned these technologies in many countries. There 

are rather few mobile devices today that support both traditional mobile 
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and mobile TV. There were also many users who had mobile devices, 

not only for traditional use, but also for Internet based video access such 

as YouTube and online live streaming TV, which only requires a 

standard Smart phone. It was thus somewhat unsuccessful to offer new 

services for those who had mobile devices that supported both mobile 

and multimedia services. The present live streaming services use 

unicasting, meaning that the same data is sent several times if several 

people are watching the same program. 

1.11 Multicast broadcast single frequency network 

Many companies initially think of constructing a network by using 

current cellular infrastructure and multicast or broadcast service. 

MBSFN (Multicast broadcast single frequency network) was the initial 

implementation of that idea. There are still many countries that are 

using this technology to a significant extent. The figure below shows the 

overall concept relating to MBSFN [5]. 

 
Figure 5 MBSFN [5] 

         Figure 5 MBSFN [5] 

Sometime a single node can simultaneously transfer the same data to 

multiple end users and sometimes a single end user receives the same 

data from multiple nodes. 
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1.12 MBSFN area 

In MBSFN, a cell can belong to multiple MBSFN areas depending upon 

the traffic and congestion of the network. In the figure below, two cells 

(6 and 7) are working with two MBSFN areas "A" and "B" at the same 

time [5].  

Figure 6 MBSFN areas [5] 
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1.13 DVB-T, DVB-T2 

DVB-T is a popular and very successful digital terrestrial television 

standard that was published in 1995. Research related to DVB-T still 

continues with regards to different aspects because of the increase in the 

demand for the broadcasting frequency spectrum. To overcome this 

problem, the 2nd generation digital terrestrial television standard "DVB-

T2" was developed in June 2008. The current design of the DVB-T2 is a 

broadcast standard that is based upon spectrum efficiency. DVB-T2 is 

developed on the basis of more spectrum efficiency and, based on this, 

the DVB-T2 capacity of digital terrestrial television has increased by 

30%. Some development has occurred in DVB-T2 so as to achieve the 

maximum bit rate and signal robustness. Both DVB-T and BVB-T2 use 

OFDM ((Orthogonal Frequency Division Multiplex) modulation. In 

DVB-T, many modes allow the same flexibility level in relation to each 

unit area. The addition of an additional 256 QAM mode to the DVBT-T2 

also helps to increase the capacity and forward error correction. To 

overcome high level noise and other interference, DVB-T2 uses LDPC 

(low density parity check) with BCH (Bose Chaudhuri Hocquengham) 

while DVB-T uses only Reed-Solomon and convolutional coding. DVB-T 

uses some extra carrier modes to improve the maximum efficiency in 

SFN (single frequency network), while the DVB-T2 standard offers an 

acceptable efficiency without any extra carrier modes in the SFN (single 

frequency network). The DVB-T2 is the enhanced form of DVB-T. The 

table below shows some of the differences that exist between them [6].  

 

 DVB-T DVB-T2 

Forward error 

correction 

Reed Solomon 1/2, 2/3, 

3/4, 5/6, 7/8 and 

Convolutional Coding  

" low density parity 

check" and " bose 

chaudhuri 

Hocquengham 1/2, 3/5, 

2/3, 3/4, 4/5, 5/6" 

Modes 16QAM, 64QAM, 

QPSK 

16QAM, 64QAM,  

256QAM, QPSK, 

Guard Interval 1/4, 1/8, 1/16, 1/32 1/4, 19/256, 1/8, 19/128, 

1/16,  

1/32, 1/128 

FFT(Fast Fourier 2k, 8k 1k, 2k, 4k, 8k, 16k, 32k 
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transforms) size  

Scattered Pilots 8% of total 1%, 2%, 4%, 8% of total 

 

Continual Pilots 2.6% of total 0.35% of total 

 

MIMO No yes 

Time slicing No Yes 

 

1.14 Radio resource management 

The term radio resource management, or RRM, is a system level 

controlling method in networks, including that of cellular networks and 

other wireless networks. RRM controls and manages co-channel 

interference and transmission characteristics of a wireless system, at a 

system level. RRM manages and controls different parameters of the 

system, such as the data rate, the power level of the signal, channel 

allocation, handover style, error coding and modulation type, and many 

more [7].  

Radio resource management is further divided into two different 

phases; [8].  
1. Radio resource configuration 

2. Radio resource re-configuration 

 

Radio resource configuration: 

When a new user wants to use the network, this may cause congestion 

and overloading of the system. It is the responsibility of the RRM to 

allocate the proper resources according to that request so that the 

system maintains its stability. This phase is called radio resource 

configuration [8].  

 

Radio resource re-configuration: 

When a system becomes congested and overloaded, it is the duty of the 

RRM to rearrange the resource allocation plans so that the system 

achieves a position of stability. This phase of RRM is called the radio 

resource re-configuration [8].  
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1.15 Static RRM 

Static RRM is an old technique used in 1G and 2G networks, which are 

known as traditional networks. Nowadays, local area wireless networks 

(non-cellular) use static RRM schemes to allocate resources among its 

users. In static RRM, the resources are distributed manually, so it is not 

well suited for communication networks. Below are two examples of 

static RRM [9]. 
 Fixed channel allocation 

 Static handover 

Fixed channel allocation: 

In fixed channel allocation, resources are distributed manually among 

different cells. Pre-determined frequency channels are allocated to every 

cell. The static RRM phenomena are also used in frequency division 

multiple access and time division multiple access. Due to the manual 

allocation of the resources, static RRM has many disadvantages, 

including co-channel interference between two cells, traffic congestion 

and connection loss [9].  

 

Static Handover: 

Mobility is an element of wireless communication. When a cell changes 

its location, the static handover mechanism has to allocate a new 

channel to the core network for that cell. After the allocation of the new 

channel, the cell releases its previous channel for other cells to reuse. 

This type of handover is called a static handover [9].  

 

1.16 Dynamic RRM 

A dynamic RRM scheme adjusts resources and different network 

parameters automatically instead of manually. The value of the network 

parameters depends upon the user's location, QOS requirements and the 

system traffic situation. It is not as expensive as static RRM because it 

uses automatic resource planning instead of manual planning. The radio 

network controller "RNC" controls the base stations and access points in 

a dynamic RRM. Below are the examples of the dynamic RRM [9]. 

 Soft handover and hard handover 
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 Dynamic channel allocation 

 Link adaptation 

 

Soft handover 

Handover is a process of transferring active calls from one base station 

to another without any interruption in the calls. Soft handover is used in 

3G technology such as CDMA. In soft handover, a cell might be 

connected to many base stations at the same time, while in the hard 

handover; the cell is always connected to only one base station at any 

time, such as a GSM system [10]. 

 
Figure 7 soft handover [12] 

 

Hard handover 

In a hard handover, a cell is not connected to more than one base station 

at a time. If the cell moves into the other base station’s range, then it first 

breaks the connection with its current base station before making a new 

connection with the new base station [12] as shown in the following 

figure. 

 

 
Figure 8 hard handover [12] 

 

Dynamic channel allocation 
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In static channel allocation, a permanent bandwidth is allocated to each 

cell. Static channel allocation is not an efficient technique, because the 

distribution of a limited amount of bandwidth among cellular users is a 

significant issue. Cellular users are increasing rapidly and dynamic 

channel allocation is one of the solutions to this issue. In dynamic 

channel allocation, a temporary bandwidth is allocated to a cell as 

required. If the cells are far away from each other, they may use the 

same frequency band without interfering with each other. The base 

station handles all interference between the cells by using Channel 

Reuse Constraint, which involves there being a minimum distance 

between cells so as to prevent interference [9]. 

 

 

Link adaption: 

In radio communication, link adaption is a technique for choosing the 

best modulation scheme, code rating and error correction depending 

upon the radio link condition. In the best radio link condition, there will 

also be a small amount of error correction and based on this, there is 

high data throughput on the radio channel. On the other hand, if the 

condition of the radio link is poor, then the system will adopt low 

efficient modulation schemes, thus causing an increase in the amount of 

error correction. This will thus provide a low data throughput on the 

radio link. Below is the figure of the link adoption system [11]. 

 

 
Figure 9 Link adoption [11] 
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1.17 Packet and resource plan scheduling (PARPS) 

RRM is a system level controlling method for resources. PARPS is a 

technique of RRM and is used for different scheduling problems such as 

power control, dynamic channel allocation, link adoption, reuse 

partitioning, soft handover, admission control etc. Without calculating 

the SIR Signal to Interference Ratio, PARPS schedules every packet with 

RRM, thus making it possible to assign a data packet to the transmitters 

in every time slot [13]. In the future, cellular users will require more 

downlink bandwidth than uplink, thus making RRM even more 

important as it efficiently controls the use of bandwidth. Many dynamic 

radio resource management techniques, such as static multiplexing, soft 

handover, power control, reuse partitioning, link adoption, traffic 

adoptive handover, dynamic channel allocation and admission control, 

use different algorithms at different layers. However, PARPS is a 

solution to all these problems as it dynamically assigns a resource plan 

in each time slot in addition to assigning the incoming data packets. 

Thus, the time of delay decreases and the throughput increases. If it is 

assumed that a system with a reliable uplink is already established and 

that it has a central control and a group of transmitters in SFNs. By 

using the COFDM scheme, the group of transmitters sends the same 

information on the same frequency channel. Using a sufficient number 

of guards, the COFDM prevents inter symbol interference.  

 

PARPS scheduling case study 
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It is assumed that a system has two transmitters Tx1 and Tx2 with four 

different resource plans R1, R2, R3 and R4 as shown in figure 10. To 

estimate which resource plan each mobile terminal can capture, the 

system transmits all the plans to all the terminals, which then report 

back to the system. An alternative method is to allow the terminals to 

measure the gain and the distortion measures, such as time spreading 

and Doppler shift, from each neighbouring transmitter. In resource plan 

R1, both transmitters send different signals which cause a high signal to 

interference ratio. When resource plans R2 or R3 are activated, one 

transmitter is blocked and the other transmitter sends data. In resource 

plan R4, both transmitters belong to the same SFN, resulting in a bigger 

coverage area. This type of network is called a non-continuous 

transmission dynamic single frequency network. All resource plans 

schemes are shown in figure 10. [13]. 

 
Figure 10 resource plans of this scheme [13] 

 

It is now supposed that the scheduling of six data packets to five 

destination points is performed by using a PARPS technique. Packets P2 

and P6 belong to zone 2 and the remainder of the data packets belong to 

zone 1. Every data packet has the same length as the time slot. PARPS 

chooses the best resource plan in the first time slot, the second best in 

the 2nd time slot and so on. There is a minimum average delay if PARPS 

starts scheduling from resource plan R1, because two packets are 

transmitting simultaneously. Resource plan R1 is the best resource plan 

based on all the other resource plans. Figure 11 below shows the PARPS 

scheduling of six data packets in four different resource plans [13].  
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Figure 11 PARPS scheduling of six data packets [13] 

1.18 Fading 

In wireless communication, if a signal changes its value during the 

propagation, this type of deviation is called fading and it causes 

unreliability of the wireless system. If a signal is received from a 

different direction, it is called multipath fading. The effect of multipath 

fading is stronger in urban areas [14]. The figure below shows a 

multipath fading scenario. 

 
Figure 12 Multipath fading effect in urban area [14]. 

 

Fast fading 
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In the case of fast fading, the fading is faster than the transmitter, or the 

channel impulse response differs rapidly during the symbol duration 

[14]. Mathematically, fast fading is when the coherence time of the 

channel is less than the symbol time of the transmitted signal, as shown 

in the equation below. 

 

 
 means coherence time and  means symbol time. 

 

Slow fading 

Shadowing by tall buildings, mountains, hills and other tall objects 

causes slow fading. The figure 2.6 shows the effect of slow fading of an 

object that is moving around the BS at a constant range. There are three 

paths with different obstructions. In this case, the path that has the least 

number of obstructions or less difficult obstructions always has the 

highest signal strength [14].  

 

 
Figure 14 slow fading [14] 
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1.19 Long Term Evaluation (LTE) 

Long term evolution is a 4G technology and a 3GPP standard. LTE 

integrates the 3G technology and deploys it on the current 3G 

infrastructure by means of a seamless handoff. In a 4G cellular network, 

LTE is an important milestone, because of its advanced Radio Resource 

Management. The Radio Resource Management is used to improve the 

performance of the system up to the Shannon limits. The demand for 

different services such as web browsing, video calling, video streaming 

and VoIP has caused the design of a new generation cellular network. 

3GPP introduces a network that fulfils these challenges without any 

delay and is known as LTE. LTE supports up to 300 Mbps (peak rate) 

downlink and 75 Mbps (peak rate) uplink. The physical layer of LTE is 

an asymmetrical modulation that is designed for full duplex (downlink 

and uplink). It uses two different modulation techniques, OFDMA for 

downlink data and SC-FDMA for uplink data. LTE uses multiple 

orthogonal carrier frequencies (Use OFDMA) in the downlink. Basically, 

LTE is based on OFDMA and it supports a variety of multimedia and 

internet services even in a mobility situation. The LTE design for high 

data rate, low latency and spectral efficiency is an improvement when 

compared to the 3G network. The main targets of LTE are shown in 

table 2.1 [16]. 

 

Spectral 

Efficiency 

 2 - 4 times better than 3G systems 

 

 

Mobility 

 Optimized for low mobility up to 15 km/h 

 Maintaining connection up to 350 km/h 

 High performance for speed up to 120 km/h 

 

Peak Data Rate 

 

 Downlink: 100 Mbps 

 Uplink: 50 Mbps 

 

Cell-Edge Bit-

Rate 

 

 Increased whilst maintaining same site locations as 

deployed today 

 

 

Service Support 

 Efficient support of several services (e.g., web-

browsing, FTP, video-streaming, VoIP) 

 VoIP should be supported with at least a good 
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quality as voice traffic over the UMTS network 

 

User Plane 

Latency 

 

 Below 5 ms for 5 MHz bandwidth or higher 

 

RRM 

 

 Improve support for end-to-end QoS 

 Efficient transmission and operation of higher layer 

protocols 

 

Scalable 

Bandwidth 

 

 From 1.4 to 20 MHz 

Table 2.1 LTE main targets [16] 

The PARPS is already applied to DVB-T2. The main differences between 

LTE and DVB-T2 are shown in table 2.2 [25] [26] [27]. 

 

 LTE DVB-T2 

Power control possible  Yes no 

Frequency bands 40 5 

Peak bitrate  Uplink up to 75Mbps 

Downlink up to 150Mbps 

40Mbps (UK) 

Channel bandwidth Up to 20MHz Up to 10MHz 

Modulation schemes Uplink, QPSK, 16QAM 

Downlink QPSK, 16QAM, 

64QAM 

QPSK,16QAM, 

64QAM, 256QAM 

Typical signal-to-noise 

ratio 

4 to 30.5 dB  4 to 20 dB 

Table 2.2 DVB-T2 vs. LTE  

1.20 LTE system architecture 

LTE architecture is also known as Service Architecture Evolution, which 

is based on flat architecture with regards to a 3G network. Because of its 

flat architecture, it supports seamless mobility, high data rate and 

signalling. The figure below shows the architecture of LTE. 
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Figure 15. LTE architecture [16] 

 

In the figure above, "PGW" means packet gateway, "SGW" stands for 

service gateway, "MME" stands for mobility management entity and E-

UTRAN stands for evolved universal terrestrial radio access network. 

The evolved packet is comprised of "PGW" and "SGW" and “MME”. The 

main purposes of MME are user mobility, seamless handoff and the 

paging and tracking procedure of user equipment for the connection 

establishment. The "SGW" is used to route and forward user data 

packets among LTE nodes. The "PGW" is a bridge between the LTE 

network and the rest of the world. In the figure above, the illustration on 

the right shows the architecture of LTE called the radio access network. 

Radio access network merely consists of two kinds of nodes; user 

equipment "UE" and eNB. The eNB nodes are directly connected with 

each other and are used as a gateway to "MME"[16]. 
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1.21 LTE advance 

Long term evolution advance or LTE-A is a new technology under 

development with high spectral efficiency and high data throughput 

compared to LTE. The 3GPP society is currently working on the new 

generation technology LTE-A (1Gbps downlink, 500Mbps uplink speed) 

based on the current LTE standard. In a wireless system, the ultimate 

performance is measured in terms of spectral efficiency by means of the 

signal to noise and interference ratio (SINR). The equation below shows 

SINR in a mathematical form [17]. 

 
P= power, 

I= Interference power, 

N= variance Gaussian noise signal. 

 

The value of a low SINR depends upon the noise limited scenario "N" 

and the interference limited scenario "I". To boost the value of SINR, the 

natural solution is to increase the value of "P" by using a relaying 

technology [17]. There are two types of relaying schemes that are 

considered in LTE-A [17].  

 Self-backhauling  

 Transparent relaying for HARQ 

Self-backhauling is a relay that serves base stations which receive and 

forward internet protocol packets to the mobile terminals and base 

stations. The second type is transparent relaying for HARQ, which is a 

relay that is deployed to improve hybrid ARQ retransmission and may 

be of assistance in improving the overall throughput [17]. 
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1.22 Coordinated Multi-Point (CoMP) 

LTE-A has many standards, CoMP being one of them [18]. CoMP 

provides dynamic coordination between cells and user equipment by 

using a MIMO antenna system. The MIMO antenna may belong to one 

or many cells, which enables macro diversity. The main purpose of 

CoMP is to ensure that user equipment residing on the cell border is not 

affected by the cell interference. This can be achieved by coordination 

among the cells, if many BS simultaneously serve the user equipment. 

The figure below show the concept of CoMP [19]. 

 
Figure 16 CoMP concepts [19] 

CoMP has many advantages because of its multiple transmissions and 

receptions, such as better utilization of the network, system efficiency, 

better coverage and also cell edge throughput [19]. 

 

Coordinated Multi-Point Implementation: 

There might be two ways to implement CoMP which are the following 

[18]. 

 Autonomous control based  

 Centrally control based  
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In the first approach, an independent eNode might be connected using a 

wire, to communicate between the cells. The other regular configuration 

of a cell is performed through wired signalling. There are, however, 

some drawbacks to this approach, such as overhead and signal delay 

[18]. These drawbacks can be minimized in the second approach, which 

is a centrally controlled system. In this approach, a central eNode B is 

connected to many radio resource equipment "RREs" via an optical fibre. 

This central eNode controls all "RREs" by using the optical fibre. There 

is, however, one drawback to this approach, namely the load on the 

optical fibre which depends on the number of RREs. The figure below 

shows the implementation of CoMP [18]. 

 
 

1.23 Diversity Gain 

The MIMO antenna can be utilized by means of a diversity gain in 

wireless communication. The diversity gain is the ratio of the signal to 

interference that increases due to a diversity scheme. Diversity gain 

means that the power of a signal is reduced due to a diversity scheme at 

constant performance. Diversity gain is measured in decibels (dB) and is 

expressed in a power ratio [20]. 
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1.24 Power Control 

Transmission power is controlled and adjusted in order to provide a 

better system performance and can include better network capacity, 

improved coverage area and a higher link data rate [21]. The power 

control of a signal in a cellular system has some advantages and 

disadvantages. If the transmission power increases, this also causes an 

increase in the signal to noise ratio "SNR" and a decrease in the bit error 

rate "Ber". A high signal to noise ratio causes a high data rate for the 

system. The high transmission power, MS requires heavy batteries and 

causes cross talk. Power control in a cellular system is controlled by 

some designs [22]. 

 

 If MS moves, BS adjusts the transmission power 

 MS transmission power should be at a minimum level 

1.25 Error Correction codes 

Error correction codes "ECC" or forward error codes "FEC", are adding 

extra information to a message during transmission, so that it can be 

received even if some errors are introduced. These errors might occur 

during transmission or storage. The receiver does not require any 

retransmission of the message because of these error correction codes. 

These error correction codes are mostly used in low layer 

communication such as broadcasting and also in reliable storages such 

as CDs and DVDs. The error correction codes are divided into two 

categories as listed below [21]. 

 Convolutional codes 

 Block codes 

Convolutional codes work bit by bit while block codes work block by 

block but, both have the same purpose. 
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1.26 Multimedia Broadcast Multicast Services (MBMS) 

GERAN and UTRAN use a SMS cell broadcast service (UTRAN a Rel-99 

and GSM a phase 1) for broadcasting content to multiple users in a cell. 

These services deliver content to all users in a cell by sharing the 

broadcast medium. However, this only allows a low bit rate and, in 

order to overcome this problem, MBMS introduced a new multicast 

mode. MBMS has both broadcast and multicast mode for the delivery of 

content. MBMS services are divided into three categories [23].  

 Streaming services (audio and video). 

 File downloads services. 

 Carousel services (a combined aspect of the other two services) 

MBMS is divided into MBMS bearer services, MBMS user services and 

MBMS Teleservices. MBMS user service is the combination of multiple 

broadcast sessions or multiple multicast sessions. It is also possible that 

more than one MBMS user service is using an application-independent 

MBMS transport service as shown in the figure below [23]. 
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Figure 18 MBMS services [23] 

 

The architecture of MBMS is illustrated below. The broadcast-multicast 

service centre is a new function node in the core network. 
 

UE SGSN 

MS GERAN 

UTRAN 

HLR 

GGSN 

 
BM - SC 

  
Uu 

Iu 

Iu / Gb 

/ 
Um 

Gr 

Gn/Gp 
/ 

Gi 

External 
Network: 
Packet 
Data 
Network, 
e.g. 

Internet 

Gmb 

Internal 
Content 
Provider / 
Multicast 
Broadcast 
Source 

External 
Content 
Provider / 
Multicast 
Broadcast 
Source 

 
Figure 19 MBMS architecture [23] 

BM-SC delivers content and MBMS user services. MBMS provides the 

following functions: 

 

 Membership functions. 

 Schedule session transport of MBMS functions. 

 Proxy and transport functions. 

 Service announcement functions. 

 Security functions. 

The information that arrives at the "Gi" interface is forwarded towards 

the "UE" transparently via "GGNS". Following this, the information 

connects with the content that arrives at the "Gmb" interface. UTRAN is 

a radio interface that uses point to point transmission and point to 

multipoint transmission. GERAN is one of the logical channels used 

during the initial counting procedure.  
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1.27 Evolved Multimedia Broadcast Multicast services 

(eMBMS) 

Different companies are working on eMBMS. In MBMS, "ECP" nodes 

are reliable but may fail or restart due to some errors. In MBMS there is 

no procedure defined to restore the MBMS services if they fail or restart 

due to an error. There are many scenarios in which an "ECP" node may 

fail, which are listed below. The eMBMS is a procedure involving the 

restoring of an MBMS service when failure or reset occurs to MCE, 

MME, BM-SC or MBMS-GW. The eMBMS is still being researched [23].  

 

Scenarios: 

1. MCE failure/restart 

2. M3AP path failure 

3. MBMS-GW failure/restart 

4. M1 path failure 

5. BM-SC failure/restart 

6. SGi-mb path failure 

7. MME/SGSN failure/restart 

8. Sm / Sn path failure 

9. SGmb path failure 

1.28 Multicasting over DVB-T/H with PARPS 

A DVB-T/H system always broadcast, even if there are no viewers. 

When there are no viewers and TV programs continue to broadcast, 

resources are being wasted. Such systems are not efficient in terms of 

system spectrum efficiency (SSE). SSE is the quantity of service that can 

be simultaneously supported by a unit frequency band in a unit area. IP 

multicasting is a good technique to improve and manage system 

spectrum efficiency. Currently, an IP multicasting technique is used to 

fix a broadband access network. By using IP multicasting on a DVB-T/H 

system, TV programs are only transmitted on demand. This would 

improve the system's spectral efficiency and would also transmit more 

TV programs on the same bandwidth. There are some advantages and 

disadvantages if IP multicasting is applied to DVB-T/H.  

 

 

Advantages Disadvantages 
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Increase SSE Need one back channel for 

program selection 

Increase number of TV programs - 

Reduce the overall transmitters  - 

 

 

 
Figure 20: multicasting over a small system. [24]  

Figure 20 shows three transmitters transmitting global content at the 

same time and local content in different time slots. 
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Broadcasting means the distribution of information for everybody 

whether or not it is required. It is not a good approach for delivering 

information to those who do not require it. DVB-T and H/T2 are 

broadcasting technologies. This means that resources are being wasted 

when there are no viewers. If multicasting is used instead of 

broadcasting, it would deliver information (digital video) over a smaller 

spectrum. Multicasting is the delivery of information for a specific 

group. Multicasting would be implemented over DVB-T2 with some 

scheduling techniques such as PARPS (Packet and Resource Plane 

Scheduling). Investigating the nature of the viewers might also assist 

with regards to the scheduling techniques [24]. 
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Methodology  
This chapter describes the methodology part for the implementation of 

the work of this thesis. All the mathematical formulas for different 

properties are explained in this chapter such as coverage probability and 

spectral efficiency. This chapter also contains the different properties of 

matrices that are of assistance for the implementation. 

 

1.29 Coverage probability 

Coverage probability of a network depends upon the receivers in the 

network. Mathematically, the coverage probability is the ratio between 

the numbers of receivers in a coverage area to the total number of 

receivers in the network.  

Coverage probability (ɸ) =  .......................... (eq. 3.1) 

Here shows the numbers of receivers that are covered. 

 represents the total number of receivers in the network. 

 

1.30 System spectral efficiency 

The system spectral efficiency (SSE) of a system is defined as how 

efficiently data is transferred over the available bandwidth by using the 

channel utilization. The SSE is calculated in (bit/s)/Hz per site. The 

mathematical formula of SSE is expressed as below. 

 

 

 
 

The following table, 3.1, presents all the symbols and definitions for the 

system spectral efficiency.  
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SYMBOL DEFINITION 

ɳ Cannel utilization factor 

 Shannon-Hartley theorem 

 Channel Bandwidth 

 Signal-to-Interference-Noise Ratio 

Table 3.1 

 

1.31 Single frequency network radius  

In a single frequency network, several transmitters simultaneously 

broadcast using the same frequency. Thus, there might be a chance of 

interference from neighbouring or nearby SFNs. The radius of a SFN 

directly depends upon external noise and interfering receiver power in 

addition to non-interfering receiver power. The mathematical formula 

below is used to calculate the radius of an SFN. 

 

............3.2 

 

The following table, 3.2, shows all the definitions and parameter 

symbols that are required for calculating the radius of an SFN. 
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SYMBOLS DEFINITION 

 Single to interference noise 

ratio 

 

n0 Noise level 

 

 

 

Interference power i.e. power 

that received by a receiver from 

transmitter that not belong to 

same SFN 

 Radius of SFN. 

 

 Gain it gain between 

transmitter that located at 

position i and receiver situated 

at j. 

Table 3.2 

 

1.32 SFN with no interference 

In this case, the neighbouring SFN transmitters work together, resulting 

in a no-interference SFN. The radius of the SFN is then calculated by the 

formula below.  

 

 
 

But 

 
 

So equation 3.2 becomes 
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.............3.2 

 

Non-continuous transmission 

In a single frequency network, all transmitters operate with the same 

frequency, which causes co-channel interference by the neighbouring 

cells, unless they belong to the same SFN. In non-continued 

transmission, all the transmitters work as a group with the same 

frequency. In this case no co-channel interference occurs. The figure 

below demonstrates a non-continuous transmission where all the 

transmitters belong to the same SFN. It can be observed that the 

coverage area increases when transmitters operate as a group within the 

same SFN. 

 

 
Figure 3.1 Non-continuous transmission  

 

The figure above shows a non-continuous transmission with no co-

channel interference. In the first case, only one transmitter operates, 

which causes a small coverage area. In the second case, two transmitters 

operate together, causing a large coverage area with no co-channel 

interference. In the third and fourth cases, three and four transmitters 

cause large coverage areas and no co-channel interferences. 
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1.33 Channel utilization 

Channel utilization is the term for how efficiently frequency channels 

are used to transmit an amount of data. It is also called channel 

efficiency. Channel utilization is calculated as the transmitted data 

divided by the multiplication of the required transmitters and channels 

for that data. The mathematical formula for channel utilization is 

calculated using the following equation. 

 

 
 

The following table 3.3 shows the definitions with symbols for channel 

utilization.  

 

SYMBOLS DEFINITION 

 Required transmitters  

 Number of channel required  

 Channel utilization 

Table 3.3 

 

1.34 Average power consumption 

The average power consumption equals the amount of power required 

by a transmitter to transmit an amount of data, so that the data can be 

received easily by a receiver. The average power consumption of a 

network refers to the sum of the power levels of all the transmitters 

divided by the number of transmitters in the network. The mathematical 

formula for the average power consumption is expressed as below. 

 

 .................... (3.6) 

 

where  is the power level of a transmitter "i".  

 



Cooperative diversity and 

downlink power control using 

PARPS with application to LTE 

services (eMBMS and CoMP)  

Sohaib Atif 

Methodology 

2014-03-01 

 

42 

Example 1: Assume that a cellular system has three transmitters; Tx1, 

Tx2 and Tx3, transmitting data with different power levels; 0.3w, 1w 

and 0.5w respectively as shown in figure 3.2.  

 
Figure 3.2 Power consumption of cellular system 

 

If other parameters, such as the signal to interference noise ratio, 

standard deviation, propagation path loss and external noise are 

constant, then the average power of this cellular system can be 

calculated as below. 

 

Equation 3.6, 

 

 

 
 

So the average power consumption per transmitter of this system is 

0.6w. 
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Concept of PARPS 
This chapter discusses the computation complexities of the simulation 

model and the concept of PARPS. 

 

1.35 Computation Complexity 

The resource plans are the computation complexities of this simulation 

model. A resource plan is the unique combination of two or more 

transmitters during transmission. The figure below shows the possible 

combinations of two transmitters. 

 

 
Figure 4.1A possible resource plans with two transmitters. 

 

In the above figure there are 2 transmitters, which offers a total of 4 

unique resource plans; one for each transmitter alone, one where the 

two are working simultaneously but individually, and one where they 

are working together. Each zone is presented in a simulated square of a 

unique colour. A zone is the coverage area of one or more transmitters 

during the transmission of the same data. The figure below show the 

zones of each resource plan. 
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Figure 4.1B possible resource plans and zones with two transmitters 

If both transmitters start working with three power levels; 0, 0.5 and 1 

then the number of possible resource plans changes as shown in the 

figure below. 

 

 
Figure 4.2 Possible resource plans 2 transmitters with 3 power levels. 
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There are two types of simulated squares, large and small, in the figure 

above; the large simulated square means that the transmitter is working 

with full power i.e. 1. The small simulated square means that the 

transmitter is working at half power i.e. 0.5. These simulated squares 

depend upon the transmission power of the transmitters. High power 

makes a large simulated square and low power makes a small simulated 

square.  

 

1.36 Possible number of resource plans 

The possible numbers of resource plans for different numbers of 

transmitters at different power levels are shown in the table below. 

 

No. of 

transm

itters 

2 power levels 

(0, 1) watt 

3 Power levels 

(0, 0.5, 1) watt 

4 Power levels 

(0, 0.5,0.7, 1) 

watt 

5 Power levels 

(0,0.2,0.5,0.7, 1) 

watt 

2 4 12 24 39 

3 14 70 198 428 

4 51 456 1875 5328 

5 202 3354 20256 75988 

Table 4.1 Possible resource plans for different power levels. 

 

As can be seen in table 4.1, the number of resource plans increases 

rapidly in proportion to the increase of transmitters. The rapidly 

changing behaviour of resource plans and transmitters are shown in the 

graph below. 
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Figure 4.3 Resource plans rapidly changing behaviour. 

 

1.37 PARPS centrally controlled queue algorithm 

design  

PARPS is used for scheduling dynamic single frequency networks. The 

centrally controlled queue algorithm is one of the best of PARPS’ many 

algorithms [13]. Below are the steps of the centrally controlled queue 

algorithm. 

* All packets are put in several resource plans queues 

* Finds the queue with the most packets and sends these packets to the  

 appropriate zones 

* Deletes these packets (which have already been sent) from the other  

 queues 

* The process continues until all packets are delivered  
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In the example below, there are 6 packets (illustrated below as small, 

numbered squares) for transmission and 4 resource plans (R). To 

estimate which resource plan each mobile terminal can capture, the 

system transmits all the plans to all the terminals, which report back to 

the system. An alternative method is to allow the terminals to measure 

the gain and the distortion measures, such as time spreading and 

Doppler shift, from each neighbouring transmitter. The centrally 

controlled queue algorithm determines which resource plan has the 

highest number of packets in a queue and starts with that one. In this 

example, this is R1, which has two packets in a queue, whereas the 

others have one at a time. 

 

 
Fig 1 

 

The first two packets (P1, P2), distributed to zone 1 and 2 (Z1 and Z2), 

are dealt with… 
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Fig 2 

… whereupon PARPS eliminates the packets 1 and 2 from the other 

resource plans, as illustrated in fig 3. 

 

 
Fig 3 

 

Then the packets 4 and 6 are distributed to Z1 and Z2, and dealt with… 
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Fig 4 

… after which those packets are eliminated from the remaining resource 

plans. 
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Fig 5 

Now that R1 is completed, PARPS can move on to those resource plans 

that only have one packet in a queue. Since the packets included in R2 

have already been eliminated, PARPS moves to R3 and deals with 

packet 5… 

 

 
Fig 6 

… before eliminating that from the final resource plan. 
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Fig 7 

Finally, PARPS deals with the last packet in the last resource plan, 

packet 3. 

 

 
Fig 8 

The PARPS centrally controlled queue algorithm dynamically chooses 

the best resource plan and transmits it. This is explained in the next 

chapter. 
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Implementation 
This chapter discusses the implementation of the simulation model and 

also the implementation of the network components. 

 

1.38 SFN with no Interference 

The single frequency network, “SFN”, is a network in which a group of 

transmitters simultaneously work together, which results in a greater 

coverage area and no interference. The figure below shows the SFNs 

with no interference, in which 1 to 6 transmitters are working together 

and are thus making SFN networks. All transmitters are working on the 

same power level. 

 

 
Figure 5.1 SFN with no interference. 
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This type of network is used in this simulation model to make an SFN. 

By using this, it is possible to increase the coverage area without any 

cross talk or interference in the system. 

1.39 Power control over LTE downlink: a simple case 

For the design of a simple case study related to LTE downlink, some 

assumptions have been considered. There will be a total of two 

transmitters (Tx), that work with three different power levels ( =0, 0.5 

and 1 watt). There are 9 receivers and 6 different types of data packets. 

Both transmitters dynamically group together with different power 

levels to make a large coverage area and form an "SFN”. The following 

acronyms and some assumptions related to this simple case are shown 

in table 5.1. 

 

Acronyms Definition Value 

 Number of transmitters 2 

 Number of receivers 9 

 Position of receivers Fix 

 Number of data packets 6 

 Number of channels varies 

 Number of power levels 3(0,0.5,1)watt 

 Possible number of resource 

plans 

12 
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Table 5.1 simple case assumptions. Assume that an LTE system consists of two 

transmitters working together at 3 different power levels (0, 0.5 and 1 watt) with 9 

fixed receiver positions as shown in figure 5.2. In this case, the transmitters work 

dynamically and group together to make zones. The coverage area (range) of a 

transmitter is called a zone. If both transmitters work with the same frequency and 

form a single SFN, then both transmitters form the same zone. In the illustration 

given below, an LTE system consists of 2 transmitters with 3 power levels (0, 0.5 and 

1 watt). According to table 4.1, a total of 12 combinations (resource plans) are 

possible for this system. 

 
Figure 5.2 Power control over LTE downlink simple case possible resource plans. 
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In the figure above, the different colours of the simulated squares 

represent different zones. In this case, the number of transmitters is two, 

so the maximum number of zones is two as shown in figure 4.5. 

Together, both transmitters have to transmit 6 different data packets to 9 

different locations. The coverage probability of this system varies from 

33.3% to 100%. In resource plan 12, both transmitters work together 

with maximum power and have maximum coverage. Both transmitters 

form a single SFN and a zone in resource plan 12. This increases the 

coverage to 100% without any cross talk or co-channel interference. 

Resource plan 12 provides the maximum coverage but, requires more 

channels and power. The table 5.2 shows each resource plan according 

to its zones and transmitting possibility. 

 

 

 

 

 

 

 

 

 

 

Resource Plans Zones Packet transmitting             

possibility 
 

 

Resource plan1 

Zone 1         P1,P4 

Zone 2  N/A 
 

 

Resource plan2 

Zone 1         P1,P2,P4,P5 

Zone 2  N/A 
 

 

Resource plan3 

Zone 1         P3,P6 

Zone 2  N/A 
 

 

Resource plan4 

Zone 1         P1,P4 

Zone 2         P3,P6 
 

 

Resource plan5 

Zone 1         P1,P4 

Zone 2         P3,P6 
 

 

Resource plan6 

Zone 1         P3,P6 

Zone 2    N/A 
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Resource plan7 

Zone 1         P1,P4 

Zone 2         P3,P6 
 

 

Resource plan8 

Zone 1         P1,P4 

Zone 2         P3,P6 
 

 

Resource plan9 

Zone 1         P1,P3,P4,P5,P6 

Zone 2  N/A 
 

 

RP 10 

Zone 1         P1,P3,P4,P6 

Zone 2  N/A 
 

 

RP 11 

Zone 1         P1,P3,P4,P5,P6 

Zone 2  N/A 
 

 

RP 12 

Zone 1     P1,P2,P3,P4,P5,P6      

Zone 2   N/A 
 

Table 5.2 Resource plans, zones and packets. 

 

In the table above, "P" represents the packet. By scheduling the best 

resource plan for each time slot dynamically, maximum spectral 

efficiency and power efficiency can be achieved. A scheduling algorithm 

PARPS is used to dynamically select the best resource plan for each time 

slot depending on its system requirement. 

  

1.40 Optimized resource plan selection 

The PARPS algorithm is used to dynamically choose and allocate the 

best resource plan for each time slot. The criteria to find and allocate a 

resource plan for a certain time slot are given below. 

 

1. Find the resource plan that has the most zones with at least one 

packet in queue. 

2. Find the resource plan that requires the least average power 

3. Find the resource plan that requires the highest number of 

transmitters (optional) 

The PARPS compatibility resource plan matrix for this case is shown 

below. 
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....5.1 

 

The compatibility matrix for a resource plan can also be written as, 

 

                               ....5.2 

 

In the matrix above " " represents the power of transmitters while  

and  are transmitters. The compatibility matrices for some resource 

plans (1, 4, 7, 9 and 12) of the LTE downlink simple case study are 

shown below. 
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The PARPS packet assignment to a time slot and a zone matrix is 

presented below.  

 

  
....5.3 

 

The matrix of a resource plan to a time slot is defined as shown below. 

 

....5.4 

 

In the matrix above, the rows represent the resource plans and the 

columns represent the time slots. Using equation 5.3 for this simple case 

of LTE, the packet to time slot and zone matrix becomes: 

 

          

 

For the simple case of LTE, the scheduling matrix for resource plans to 

the time slots according to equation 4.4 becomes: 

 

 
 

The matrix above is now converted into a 1 by 4 matrix that shows the 

resource plan queue, as shown in the queue formations below. 
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                            ....5.5 

 

Using equation 5.5, PARPS calculated the four best resource plans 

(Power efficient and spectral efficient), that are in the queue. In the first 

and second time slots, resource plan 4 will run for packets P1, P3, P4 and 

P6. In the third and fourth time slot, resource plan 2 will run for packets 

P2 and P5. PARPS runs these resource plans in four time slots, the 

overall transmission of this LTE downlink case study is shown in the 

figure below. 

 

 
Figure 5.3 Overall transmission of Simple LTE case study. 

 

There are four time slots for this LTE transmission. Channel utilization 

and power efficiency increase with PARPS. Only 4 channels are required 

instead of 6 channels and only 4 watts are required for the transmission 

instead of 12 watts (if broadcast). The overall transmission has 100% 

coverage probability because it is capable of delivering all the packets.  
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1.41 Power control over LTE downlink with three 

transmitters: 

For the design of an LTE downlink based on 3 transmitters, some 

assumptions have been considered. There will be a total of 3 

transmitters (Tx), that work with three different power levels ( =0, 0.5 

and 1 watt). There are 9 receivers and 6 different types of data packets. 

All transmitters dynamically group together with different power levels 

to make a large coverage area and form an "SFN”. The following 

acronyms and some assumptions related to this simple case are shown 

in table 5.3. 

 

Acronyms Definition Value 

 Number of transmitters 3 

 Number of receivers 9 

 Position of receivers Fix 

 Number of data packets 6 

 Number of channels varies 

 Number of power levels 3(0,0.5,1)watt 

 Possible number of resource 

plans 

70 

Table 5.3 Power control over LTE downlink assumptions 

 

Assume that a small LTE system consists of 3 transmitters working 

together at 3 different power levels (0, 0.5 and 1 watt) with 9 fixed 

receivers’ positions as shown in figure 5.4. In this case, the transmitters 

work dynamically and group together to make zones. The coverage area 

(range) of a transmitter is called a zone. If all transmitters work with the 

same frequency and form a single SFN, then all transmitters form the 

same zone. In the illustration given below, an LTE system consists of 3 

transmitters with possible resource plans. According to table 4.1, a total 

of 70 combinations (resource plans) are possible for this system. 
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Figure 5.4 Power control’s over LTE downlink possible resource plans. 

 

In the figure above, the different colours of the simulated squares 

represent different zones. In this case, the number of transmitters is 3, so 

the maximum number of zones is 3 as shown in figure 5.4. Together, all 

3 transmitters have to transmit 6 different data packets to 9 different 

locations. The coverage probability of this system varies from 11.11% to 

100%. In resource plan 67, all 3 transmitters work together with the 

maximum power and have the maximum coverage. All 3 transmitters 

form a single SFN and a zone in resource plan 67. This increases the 

coverage to 100% without any crosstalk or co-channel interference. 

Resource plan 67 has the maximum coverage but requires more 

channels and power. The table 5.4 shows some of the best resource plans 

according to their zones and transmitting possibility. 

 

Resource Plans Zones Transmitting Packet 

possibility 

 Zone 1 P6 
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Resource Plan 1 Zone 2 

Zone 3 
 

N/A 

N/A 
 

 

Resource Plan 5 

Zone 1 

Zone 2 

Zone 3 
 

P3,P6 

P4 

N/A 
 

 

Resource Plan 12 

Zone 1 

Zone 2 

Zone 3 
 

N/A 

N/A 

N/A 
 

 

Resource Plan 34 

Zone 1 

Zone 2 

Zone 3 
 

P6 

P1,P4 

N/A 
 

 

Resource Plan 38 

Zone 1 

Zone 2 

Zone 3 
 

P3,P4,P5,P6 

N/A 

N/A 
 

 

Resource Plan 47 

Zone 1 

Zone 2 

Zone 3 
 

P1,P2,P4,P5 

N/A 

N/A 
 

 

Resource Plan 53 

Zone 1 

Zone 2 

Zone 3 
 

P3,P6 

P1,P4 

N/A 
 

 

Resource Plan 67 

Zone 1 

Zone 2 

Zone 3 
 

P1,P2,P3,P4,P5,P6 

N/A 

N/A 
 

Table 5.4 Resource plans, zones and packets possibility. 

 

By using equation 5.1, the compatibility matrix for a resource plan can 

also be written as, 
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In the matrix above " " represents the power of a transmitter while , 

 and  are transmitters. The compatibility matrices for some 

resource plans (1, 13, 25, 44, 50 and 67) are shown below. 

 

  

  

  

  

  

  

 

Using equation 5.3 for this LTE downlink case, the packet to time slot 

and zone matrix becomes: 
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The PARPS schedule matrix of a resource plan to a time slot which is 

defined in eq. 5.4, would become, for this case, as below 

 

 
 

The PARPS calculated the four best resource plans (Power efficient and 

spectral efficient) that are in the queue. In the first time slot, resource 

plan 34 will run for packets P1 and P6 and in the second time slot, 

resource plan 5 will run for packets P3 and P4. In the third time slot, 

resource plan 38 will run for packet P5 and in the fourth time slot, 

resource plan 67 will run for packet P2. PARPS runs these resource 

plans in four time slots, the overall transmission of this LTE downlink 

scenario is shown in the figure below. 
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Figure 5.5 Overall transmission of LTE downlink with 3 transmitters 

 

There are four timeslots for this LTE transmission. Channel utilization 

and power efficiency increase with PARPS. Only 4 channels are required 

instead of 6 channels and only 9 watts are required for the transmission 

instead of 18 watts (if broadcast). The overall transmission has 100% 

coverage probability because it is capable of delivering all the packets. 

 

1.42 Power control over LTE downlink with random 

receiver's position 

For the design of an LTE downlink of 3 transmitters with random 

position, some assumptions have been considered. There will be a total 

of 3 transmitters (Tx), that work with three different power levels 

( =0, 0.5 and 1 watt). There are 9 receivers (random position) and 6 

different types of data packets. All transmitters dynamically group 

together with different power levels to make a large coverage area and 

form an "SFN”. The following acronyms and some assumptions related 

to this simple case are shown in table 5.5. 

 

 

Acronyms Definition Value 

 Number of transmitters 3 

 Number of receivers 9 

 Position of receivers Random 

 Number of data packets 6 

 Number of channels varies 

 Number of power levels 3(0,0.5,1)watt 

 Possible number of resource 

plans 

70 
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Table 5.5 LTE downlink random case assumptions Assume that a small 

LTE system consists of 3 transmitters working together at 3 different 

power levels (0, 0.5 and 1 watt) with 9 random receiver positions as 

shown in figure 5.6A. In this case, the transmitters work dynamically 

and group together to make zones. The coverage area (range) of a 

transmitter is called a zone. If all transmitters work with the same 

frequency and form a single SFN, then all transmitters form the same 

zone. In the figure 5.6B given below, an LTE system consists of 3 

transmitters (random receiver position) with possible resource plans. 

According to table 4.1, a total of 70 combinations (resource plans) are 

possible for this system. 

 

 
Figure 5.6A Three Transmitters with 9 receivers with random position 
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Figure 5.6B Power control’s over LTE downlink possible resource plans for random 

receiver's positions. 

In the figure above, the different colours of the simulated squares 

represent different zones. In this case, the number of transmitters is 3, so 

the maximum number of zones is 3 as shown in figure 5.6B. Together, all 

3 transmitters have to transmit 6 different data packets to 9 different 

random locations. The coverage probability of this system varies from 

0% to 100%. In resource plan 67, all 3 transmitters work together with 

maximum power and have maximum coverage. All 3 transmitters form 

a single SFN and a zone in resource plan 67. This increases the coverage 

to 100% without any crosstalk or co-channel interference. Resource plan 

67 has the maximum coverage but requires more channels and power.  

Using equation 5.3 for this LTE downlink case, the packet to time slot 

and zone matrix becomes: 
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The PARPS schedule matrix of a resource plan to a time slot which is 

defined in eq. 5.4, would become, for this case, as shown below 

 

 
 

The PARPS calculated the five best resource plans (Power efficient and 

spectral efficient) for this case, that are in the queue. In the first time slot, 

resource plan 20 will run for packets P2 and P5 while in the second time 

slot, resource plan 27 will run for packets P1. In the third time slot, 

resource plan 30 will run for packet P3, in fourth time slot, resource plan 

2 will run for packet P6 and in fifth time slot, resource plan 55 will run 

for packet P4. PARPS runs these resource plans in five time slots and the 

overall transmission of this LTE downlink scenario is shown in the 

figure below. 
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Figure 5.7 Overall transmission of LTE downlink for random receiver positions.  

 

There are five timeslots for this LTE transmission. Channel utilization 

and power efficiency increase with PARPS. Only 5 channels are required 

instead of 6 channels and only 9 watts are required for the transmission 

instead of 18 watts (if broadcast). The overall transmission has 100% 

coverage probability because it is capable of delivering all the packets. 
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Results 
To generate the results, some parameters were used that are presented 

in table 6.1 with their values. The total number of receivers is constant 

for all cases. The number of transmitters varies, the number of data 

packets is fixed and the values of the transmitter gain, external noise 

and propagation remain constant in the LTE downlink model.  

 

Parameters Definitions Values 

 Number of transmitters 2,3 

 Number of receivers 9 

 Receivers positions Fixed, Random 

 Number of data packets 6 

G Transmitter gain 5.  

 Noise level 6.  

δ Fading 0 dB 

SINR (Г) Signal to noise and 

interference ratio 

10 dB 

α Wave propagation model 

exponent 

4 

Table 6.1 parameters values 

1.43 LTE downlink simple model 

Resource plans coverage probability 

In this section the results of the coverage probability for each resource 

plan are presented. Figure 6.1 illustrates the evaluation of the coverage 

probabilities for all the resource plans. 
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Figure 6.1 All resource plans coverage probability 

 

It can be observed from figure 6.1, that the coverage probability varies 

from 33.33% to 100%. Resource plans 1 and 3 offer the minimum 

coverage probability. Resource plan 12 has 100% coverage because this 

resource plan has the capability of delivering all 6 data packets to the 9 

receivers. 

 

Resource plans average power chart 

In this section the results of the resource plans' average power chart is 

presented, which shows the power required for each resource plan 

(Average power in watt /transmitter). Figure 6.2 illustrates the 

evaluation of the power chart for all the resource plans. 
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Figure 6.2 Resource plans power chart 

 

Figure 6.2 shows the average power per transmitter required for each 

resource plan. The resource plans 8 and 12 require maximum power, 

because in both resource plans, both transmitters are working with 

maximum power. In resource plans 1 and 3, only one transmitter is 

working with a power of 0.5 watt; which is why the average power per 

transmitters for these resource plans are at a minimum.  

 

Resource plans channel utilization 

In this section, the results of the channel efficiency for the resource plans 

is presented, which has been calculated in terms of packet per timeslot 

per transmitter. Figure 6.3 illustrates the evaluation of all resource plans’ 

channel efficiencies. 
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Figure 6.3 Resource plans channel efficiency 

 

 Figure 6.3 shows how efficiently the frequency channels are used to 

transmit an amount of data. The resource plans 1 to 8 offer the 

maximum channel utilization or efficiency(less channels and 

transmitters). The remainder of the resource plans have a minimum 

packet per timeslot per transmitter efficiency. 

 

Power control with PARPS 

In this section the result of the power control is described, which is 

achieved after scheduling the overall transmission of the simple LTE 

downlink transmission case. Figure 6.4 illustrates the power controlling 

achieved with PARPS.  
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Figure 6.4 Power controlling with PARPS 

 

The left bar in the figure above shows the power requirement for the 

simple LTE downlink transmission case without any power controlling 

factor. The second bar represents the power requirement for the same 

case after using the power controlling parameters of PARPS. In both 

cases, the same data is being transmitted but, each scenario requires 

different amounts of power. It can be observed that the power 

requirement is decreased by up to 66.6% when using the PARPS power 

controlling parameters. Thus, PARPS scheduling is also efficient in 

terms of power efficiency. From figure 6.4, it can be concluded that by 

using PARPS power controlling parameters, it is possible to transmit the 

same amount of data using less power.  

 

Channel utilization with PARPS 
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This section presents the results of the channel utilization of the simple 

LTE downlink transmission case with PARPS. The channel utilization is 

calculated using equation 3.5. In this section, the channel utilization 

behaviour is compared with and without PARPS. Figure 6.6 illustrates 

the channel utilization for the LTE downlink simple case. 

 
Figure 6.5 channel utilization of LTE downlink with PARPS 
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The left most bar shows the channel utilization of the simple LTE 

downlink transmission case if data is broadcast at a power level of 0.5 

watt. This scenario has the least channel utilization and, another 

disadvantage is that it offers only 66.66% coverage. Thus it is not 

possible to deliver data packets P2 and P5. However, if both transmitters 

start broadcasting at maximum power level (1 watt) then the coverage 

increases up to 100% and the channel utilization becomes 0.5, which is a 

little better than the previous case. This is shown in the middle bar of the 

figure above. The right most bar of the figure above shows the 

maximum channel utilization achieved by using PARPS. The channel 

utilization increases because the number of channels decreases when 

using PARPS. The channel utilization is inversely proportional to the 

number of channels and transmitters. 

 

1.44 Power control over LTE downlink of 3 

transmitters 

This section describes the results of the power control over the LTE 

downlink with three transmitters. These results are calculated using 

formulas that were presented in the methodology chapter. 

 

 

Resource plans coverage probability  

This section presents the results for each of the resource plan’s coverage 

probability. Figure 6.6 illustrates the evaluation of all the resource plans’ 

coverage probability. According to table 4.1 there are 70 possible 

resource plans for this scenario; each resource plan’s coverage 

probability is illustrated in the figure below. 
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Figure 6.6. Each resource plan’s coverage probability 

 

It can be observed from the figure 6.6, that the coverage probability 

varies from 11.11% to 100%. Resource plans 1, 9, 18, 46 and 70 have a 

minimum coverage of 11.11%. Resource plan 67 has a 100% coverage 

probability; resource plan 67 has the capability of delivering all 6 data 

packets to the 9 receivers. In resource plan 67, all three transmitters are 

working with full powers at 1 watt.  

 

Resource plans average power chart 

 

In this section the resource plans’ power chart is presented for the case 

of 3 transmitters, which shows the power required for each resource 

plan (average power in watt /transmitter). Figure 6.7 illustrates the 

evaluation of the power charts for all resource plans. 
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Figure 6.7 each resource plan average power 

 

Figure 6.7 shows the average power per transmitter for each resource 

plan. There are some resource plans that have a maximum average 

power per transmitter. There are 5 resource plans (29, 35, 44, 53 and 67) 

whose average power per transmitter is 1 watt, which is the maximum 

average power. When a resource plan has an average power per 

transmitter of 1 watt, it means that all three transmitters are operating 

with full power, i.e. 1 watt. In the figure above, it can be observed that 

the minimum average power of any resource plan is 0.16 watt ((0 watt + 

0 watt + 0.5 watt)/3=0.16), which shows that in this resource plan ,only 

one transmitter is operating with 0.5 watt and the remainder are off.  

 

LTE power control with PARPS 

 

In this section a description is provided of the results of the power 

control, which is achieved after scheduling the overall transmission of 

the LTE downlink transmission case (3 transmitters). Figure 6.8 

illustrates the power controlling achieved with PARPS.  
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Figure 6.8 Power controlling with PARPS of 3 transmitters 

The left bar in the figure above shows the power requirement for the 

LTE downlink transmission case (3 transmitters) without any power 

controlling factor. The second bar represents the power requirement for 

the same case after using the power controlling parameters of PARPS. In 

both cases, the same data is being transmitted but, each scenario 

requires different amounts of power. It can be observed that the power 

requirement is decreased by up to 50% by using the PARPS power 

controlling parameters. Thus, PARPS scheduling is also efficient in 

terms of power efficiency. From the figure 6.8, it can be concluded that, 

by using the PARPS power controlling parameters, it is possible to 

transmit the same amount of data using less power. 

 
LTE channel utilization with PARPS  
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This section presents the results of channel utilization of the LTE 

downlink transmission (3 transmitters) case with PARPS. The channel 

utilization is calculated using equation 3.5. In this section the channel 

utilization behaviour is compared with and without PARPS. Figure 6.9 

illustrates the channel utilization for the LTE downlink 3 transmitters 

case. 

 

 
Figure 6.9 channel utilization of LTE downlink with PARPS 
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The left most bar shows the channel utilization of the LTE downlink 

transmission (3 transmitters) case if data is broadcast at a power level of 

0.5 watt. This scenario has the least channel utilization (0.22) and, 

another disadvantage is that it only offers 66.66% coverage. Thus, it is 

not possible to deliver data packets P2 and P5. However, if both 

transmitters start broadcasting at maximum power level (1 watt) then 

the coverage increases up to 100% and the channel utilization becomes 

0.35, which is a little better than the previous case. This is shown in the 

middle bar of the figure above. The right most bar of the figure above 

shows the maximum channel utilization (0.75) achieved by using 

PARPS. The channel utilization increases because the number of 

channels decreases by using PARPS. The channel utilization is inversely 

proportional to the number of channels and transmitters. 

 

 

1.45 Random receiver's position case 

In this scenario, receivers change their positions randomly. The average 

value of their location is taken after 100 simulations conducted in 

MATLAB. The figure below shows the receivers’ random positions. 
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Figure 6.10 Random receiver's positions 

 

Resource plans coverage probability  

This section presents the results of each resource plan’s coverage 

probability. Figure 6.11 illustrates the evaluation of all resource plans’ 

coverage probability (random receiver’s position). According to table 4.1 

there are 70 possible resource plans for this scenario; each resource 

plan’s coverage probability is illustrated in the figure below. 

 

 
Figure 6.11 each resource plan coverage probability (random receiver's position case) 

 

It can be observed from the figure 6.11, that the coverage probability 

varies from 0% to 100%. Resource plans 1, 3, 12, 46 and 69 have no 

coverage probability. Resource plan 67 has 100% coverage probability; 

resource plan 67 has the capability of delivering all 6 data packets to the 

9 receivers. In resource plan 67, all three transmitters are working with 

full power at 1 watt. 
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Resource plans average power chart 

In this section the resource plans’ power chart is presented in the case of 

a random receiver’s position, which shows the power required for each 

resource plan (average power in watt /transmitter). Figure 6.12 

illustrates the evaluation of all resource plans’ power chart. 

 
Figure 6.12 each resource plan average power 

 

Figure 6.12 shows the average power per transmitter for each resource 

plan. There are some resource plans that have a maximum average 

power per transmitter. There are 5 resource plans (29, 35, 44, 53 and 67) 

whose average power per transmitter is 1 watt, which is the maximum 

average power. When a resource plan has an average power per 

transmitter of 1 watt, it means that all three transmitters are operating 

with full power, i.e. 1 watt. In the figure above it can be observed that 

the minimum average power of any resource plan is 0.16 watt ((0 watt + 

0 watt + 0.5 watt)/3=0.16), which shows that in this resource plan ,only 

one transmitter is operating with 0.5 watt and the remainder are off.  

 

LTE power control with PARPS  
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In this section the results of the power control are described, which has 

been achieved after scheduling the overall transmission of the LTE 

downlink transmission case (random receiver’s position). Figure 6.13 

illustrates the power controlling achieved with PARPS.  

 

 

 
Figure 6.13 Power controlling with PARPS of random case 

The left bar in the figure above shows the power requirement for the 

LTE downlink transmission case (random receiver’s position) without 

any power controlling factor. The second bar represents the power 

requirement for the same case after using the power controlling 

parameters of PARPS. In both cases, the same data is being transmitted; 

however, each scenario requires different amounts of power. It can be 

observed that the power requirement is decreased by up to 53% when 

using PARPS power controlling parameters. Thus, PARPS scheduling is 

also efficient in terms of power efficiency. From figure 6.8, it can be 

concluded that by using the PARPS power controlling parameters, it is 

possible to transmit the same amount of data using less power.  
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LTE channel utilization with PARPS  

This section presents the results of channel utilization for the LTE 

downlink transmission (random receiver’s position) case with PARPS. 

The channel utilization is calculated using equation 3.5. In this section, 

the channel utilization behaviour is compared with and without PARPS. 

Figure 6.14 illustrates the channel utilization for the LTE downlink 

random receiver’s position case. 

 

 

 
Figure 6.14 channel utilization of LTE downlink with PARPS (random receiver's 

position case) 

The left most bar shows the channel utilization of the LTE downlink 

transmission (random receiver’s position) case if data is broadcast at a 

power level of 0.5 watt. This scenario has the least channel utilization 

(0.05) and, another disadvantage is that it only provides 22.22% 

coverage. Thus, it is not possible to deliver data packets P1, P3, P4, P5 

and P6. However, if both transmitters start broadcasting at the 

maximum power level (1 watt) then the coverage increases up to 100% 

and the channel utilization becomes 0.33, which is a little better than the 

previous case. This is shown in the middle bar of the figure above. The 

right most bar of the figure above shows the maximum channel 

utilization (0.70) achieved by using PARPS. The channel utilization 

increases because the number of channels decreases by using PARPS. 
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The channel utilization is inversely proportional to the number of 

channels and transmitters. 
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Discussion 
Transmission power controlled or adjusted in order to provide a better 

system performance, such as for better network capacity, improves the 

coverage area and link data rate. In this 3 LTE downlink scenarios, the 

same amount of data was transmitted for a lower transmission power 

(50-66.6%). This research also shows how time and resource is wasted by 

two different scenarios; the first one involves calculating 12 possible 

resource plans for 2 transmitters, when only 2 of these plans are optimal 

for the scenario in question; the second one, calculating a total of 70 

plans for 3 transmitters, with only 4 plans being optimal for that 

particular scenario. The wastage of resources involved in these scenarios 

is 83 and 94%, respectively. By combining the most popular existing 

resource plans into new ones, it is possible to create new genetic 

algorithms, thereby reducing the number of resource plans or 

transmissions in the future. CoMP provides dynamic coordination 

between cells and user equipment by using the MIMO antenna system. 

CoMP has many advantages because of its ability to use multiple 

transmissions and receptions, its better utilization of networks, its 

system efficiency and its better coverage. Channel utilization is inversely 

proportional to the number of channels and the number of active 

transmitters. Power control does not affect the coverage probability but 

it decreases the power requirements of the network. The number of 

resource plans is directly proportional to the number of transmitters and 

power levels. The main drawback of resources plans is that it changes 

rapidly, and this is difficult to control. In the first scenario (2 

transmitters with 12 resource plans), channel utilization increases up to 

100% and the transmission power decreases to 66.6%. In the next cases 

the same amount of data was transmitted using less transmission power 

but with better channel utilization (see chapter 6). 
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1.46 Impact of research on society 

Technology and society depend upon each other. Society creates 

continuous demands on technology to develop and provide new 

methods and gadgets. Technology now influences how people work, 

play, shop and interact. The growing use of smart phones and tablets 

increases the requirement for wireless broadband. LTE is today’s 

leading technology for wireless broadband. One aspect that does not 

change, regardless of how technology evolves, is that people desire a 

good product for a low cost. In order to reduce the cost for the end user, 

many factors must be considered. One of these being to reduce the cost 

of power and one means of achieving this this is by saving energy while 

transmitting data, by using power control. This research focuses on 

power control for LTE downlink, and proposes a power efficient LTE 

downlink system using a new technique. 

This research shows not only how power control is important for LTE 

downlink, but also that it is more efficient and prevents crosstalk, thus 

providing a clear sound. This can provide the end user not only with a 

more affordable product, but also one of superior quality. A better 

product for less cost can only benefit society. 

1.47 Future Work  

 

In this section some future work are suggested for this thesis; 

 
 Number of transmitters: this thesis is based on the work of 2-3 

transmitters. In the future, further transmitters may be used for 

the calculations. 

 Practical values: Instead of the theoretical parameter values used 

in this thesis, actual natural values may be used, which will 

provide a much more accurate view. 

 More power levels: In this thesis, only three power levels were 

used; 0, 0.5, and 1 (Watt). More levels would offer a better view of 

the power efficiency. 

 Larger system: This analysis was made on a small system. By 

increasing the number of receivers and data packets, it is possible 

to estimate the efficiency of a larger system. 
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 Fading: In this thesis fading is not used, in future work fading 

parameter should be used. 

 Different PARPS algorithm: Only one of the 10 possible PARPS 

algorithms has been used in this thesis. By testing the remaining 

9, it will be possible to determine which algorithm is the most 

efficient one to use. 

 By combining the most popular existing resource plans into new 

ones, new genetic algorithms may be created, thereby reducing 

the number of resource plans or transmissions in the future. 

 An investigation may be conducted to determine whether the 

PARPS scheduling is optimal or near-optimal; by comparing the 

performance of the PARPS scheduling with optimization 

techniques for producing the optimal schedule. 

 Zipf distribution may be used for random multicast group size. 
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