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Abstract 

 

We are very thirsty in terms of everything to fulfil our needs in a sophisticated way, and 

this leads me choose the so called master thesis titled “Multihop Concept in Cellular 

Systems”. 

 

This thesis introduces an approach towards the integration of relaying or multihop 

scheme in the next generation of cellular networks. In a multihop cellular architecture, 

the users send their data to the base station via relay station or with direct 

communication to the base station. These relay stations can either be the nomadic, fixed 

at specific location or users’ mobile station (i.e. mobile relay station). The main 

objective of this paper is to compare the difference between the relaying network 

architecture with different channel bandwidth as well as their performance gain. For 

this we integrate the relay station into conventional cellular networks using IEEE 

802.16j (One of the standard introduced relay station concept in WiMAX) OFDMA 

(Orthogonal Frequency Division Multiple Access is a transmission technique that is 

based on many orthogonal subchannels (set of carriers) that transmits simultaneously). 

The results show that under certain conditions the throughput and coverage of the 

system has been increased with the introduction of the relay station in to cellular base 

station zone.  

 

Keywords : Multihop, Cellular, Relay station, IEEE 802.16j, WiMAX, MAC, PHY, 

 OFDM,OFDMA, Coverage, Capacity and Throughput.  
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SSSSECTION ECTION ECTION ECTION IIII    

 

 

1.1 Introduction 

 

The current infra-structured wireless technology extends its reach to end node (user) 

with a limited mobility because of the limited (poor) coverage of a cell caused by path-

loss and fading is the main reason why users are still connected to a fixed location. This 

may be acceptable in many situations but there will be scenarios where users will desire 

to stay connected to the data access even as they move around. In this scenario, the 

challenge is to design new applications and services for mobile users that will enable 

broadband wireless communications on a wide scale. This is an important point to be 

considered since the voice/data users are increasingly demanding wireless connectivity. 

The information network of the future will be characterized by its very large scale, the 

amount of traffic carried and the quality of service it provides. These scaling factors put 

heavy emphasis on implementing efficient networks [1]. For wireless networks, 

congested cells are a major problem in cellular networks with their ever-increasing 

voice/data traffic. Furthermore, the downlink data rate to a mobile user can 

significantly degrade because of the channel condition or poor coverage. Deploying 

more base stations and decreasing the cell size may not be a cost effective option to 

alleviate the problem; neither is using wireless relay stations operating on the same 3G 

spectrum, since it can lead to interference with other cells [2]. 

 

Following the success of the IEEE 802.11 Wireless Local Area Networks (WLANs), 

the Wireless Metropolitan Area Network (WMAN) technology by way of IEEE 802.16 

has been well recognized to serve as the backhaul of broadband wireless access in the 

emerging fourth-generation telecommunication system. However, the current 

deployment of fixed-infrastructure and mobile 802.16 networks exhibits certain 

inherent problems in practice, such as low signal-to-noise-ratio (SNR) at the cell edge, 

coverage holes that exist due to shadowing and non-line-of-sight (NLOS) connections, 

the access requirement of non-uniform distributed traffic in densely populated areas 

(hotspots). In order to meet the growing demand and stringent design requirements for 

coverage extension, throughput and capacity enhancement, deploying relay stations 

(RSs) has been considered as a promising solution to IEEE 802.16[3] Point to-Multi-

Point (PMP) networks, which are thus amended in standardization process of IEEE 

802.16j[5] Mobile Multi-hop Relay (MMR) by taking advantages of the less cost and  
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lower complexity cost of RSs. Compared with IEEE 802.16e mesh mode, 802.16j has 

been identified with a better feasibility and efficiency due to the similarities in the 

MAC and PHY layers and the support of fast route change [6]. 

 

Orthogonal frequency division multiplexing (OFDM) is a transmission technique that is 

built-up by many orthogonal carriers that transmits simultaneously. The main idea 

behind OFDM is that a signal with a long symbol duration time is less sensitive to 

multipath fading, and narrow band co-channel interference, makes it possible to achieve 

even better system spectral efficiency than a signal with a short symbol time. Hence, a 

gain in performance can be achieved by sending several parallel symbols with a long 

symbol time than sending them in a series with a shorter symbol time. OFDMA 

(Orthogonal Frequency Division Multiple access) is the multi user version of the 

OFDM digital modulation scheme. Multiple access is achieved in OFDMA by 

assigning subsets of subcarriers to individual users. Products that use OFDMA are for 

example 3GPP Long Term Evolution [8], WiMAX [7], WLAN (Wireless Local Area 

Network) 802.11, x and Wireless Regional Area Networks (IEEE 802.22) [9] 

 

 

1.2 Previous work  

A general description of OFDM modulation is given in [10] and also in [11]. A 

description of the IEEE 802.16, .16e and .16j is given in the standard documents [3], 

[4] and [5]. An overview of the OFDM with modulation techniques can be found in 

[12].  

 

Studies that to some extent compare different OFDM [13] [14], OFDMA and Scalable 

OFDMA [15] techniques for wireless multimedia communication with different set of 

carrier are have been carried out. Introduction of multihop cellular networks [16], 

Capacity and coverage enhancement [31], the placement of relay stations [17] [16] and 

its communication models in 802.16 has been described in [18]. 

 

 

1.3 Goal of the thesis 

The main task of the thesis is to study the scope of Relay stations in mobile network, 

which uses OFDMA[15] and works closely with standards of 802.16j [5]. Proper cell 

dimensioning by adjusting the cell size or base station location may be solution for 

alleviating the coverage problem albeit has its own drawbacks. Smaller cells can 

significantly increase inter-cell interference; they also require high cost of backhaul  
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connection (between base stations (BS) and the Radio Access Network). Further, the 

coverage cannot be reconfigured based on change in traffic/user concentration. 

 

A most promising solution to the above problem is the use of Relay station. The goal of 

RS is to provide a uniform downlink data rate across the cellular space. Each Realy 

node in the network is capable of relaying data/voice traffic to the mobile client through 

a multi-hop relay. Two different concepts to integrate RS in to communication are 

Transparent (RS coordinates with the associate mobile terminals) and Non-Transparent 

(BS has full control over the Relay enhanced cell and RS).  The relay network is 

created using 802.16j standard and based on OFDMA modulation with 2048 carriers, 

which provide high intra-relay throughput of up to 70Mb/s on licensed spectrum. 

 

Relay station can connect two points in cellular space with unequal data rates and relay 

traffic from a better coverage area (high data rate) to a poor coverage area (low data 

rate) on the base of  SINR between the nodes. We refer the above application as spatial 

capacity filling of the cellular data network, which results in an improved downlink 

data rate across the cell. 

 

1.4 Outline  

Section 2 describes the theory behind hoping, Relay stations, Path loss model, 

modulation techniques and OFDM / OFDMA 

 

OFDMA PHY MAC layer has been covered in Section 3 in time and frequency domain 

including frame structure of Relay station.  

 

Matlab simulation model is discussed in Section 4 including analysis of the obtained 

results.  

 

The ending Section 5 covers with conclusions and future work 
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SECTION 2SECTION 2SECTION 2SECTION 2    

 

This section covers with two types of hops namely single and multihop along with 

introduction of RSs to achieve multi hoping with different modulation techniques. 

Stanford University interim model has been used for path loss and the section ended 

with reviews of OFDM, OFDMA and Scalable OFDMA. 

 

2.1 Single and Multi-Hop Cellular Systems/Networks 

Instead of having a single-hop or peer-to-peer type direct communication between 

base station and mobile terminal, the transmission is spread out on several relay 

terminals acting as repeaters opens the new face technology known as Multi-hoping.  

2.1.1 Single hop cellular wireless network 

Current cellular wireless network (e.g., GSM, CDMA, and IEEE 802.16) invariably 

confines its operation to a point-to-multipoint topology, wherein two and only two 

types of network entity, namely base station (BS) and mobile station (MS), can exist. 

As illustrated in Figure 2.1 a centralized control entity (i.e., BS) has the sole authority 

to manage and coordinate the communications initiated by or terminated at the end 

users (i.e., MS) that are in the direct transmission range of the BS. Regardless of 

whether the communication is between two MSs that are directly associated with the 

BS, or is between an MS and an external network entity, all the traffic have to pass 

through the BS. 

 

Figure 2. 1: Topology for single hop point-to-multipoint wireless networks. 
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2.1.2 Multihop cellular relay wireless network 

The wireless network where relays will be deployed can be divided into two distinct 

categories, as illustrated in Figure 2.2 and Figure 2.3. In both figures, the solid arrowed 

lines are used to connect the network entities that are one hop away from each other, 

and thus can directly communicate with each other. Meanwhile, dotted arrowed lines 

represent the possible communication between two network entities that logically have 

multiple hops in between. 

 

 

   

Figure 2. 2: Topology I for OFDMA 

based multihop relay wireless 

network. 

Figure 2. 3: Topology II OFDMA-based 

multihop relay wireless network. 

 

The key difference between the two network topologies is that RSs and MSs in Figure 

2.2 are probably able to receive from and transmit to the network entities which are 

more than one hop away from them directly, provided that proper modulation and 

coding schemes are selected. In Figure 2.b, however, radio signal propagation can only 

reach the stations that are one hop away from the transmitter. 

 

For example, MS3 in Figure 2.2 can be engaged in direct transmission with not only 

BS, but also RS2 and RS3. Meanwhile, MS3 can only establish a direct communication 

with RS3 in Figure 2.3. 
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2.4 Relay station 

The relay station is connected to the base station on one side and to a group of mobile 

stations on the other. The connection to the base station, where the relay acts more or 

less as a subscriber/mobile station, is called the relay link, while the connection to the 

mobiles, where the relay acts as a simple base station, is called the access link. 

2.2.1 Stationary Relay Station 

A multi-hop scheme enables all mobile terminals as well as base stations to reduce their 

transmit powers [19], [20] while preserving range. As an example, let us consider the 

scenario illustrated in Figure 2.4, where a mobile terminal (MS1) is far from the nearest 

base station. In a conventional cellular network MS1 is required to increase transmit 

power compared to reach BS and the same applies for the base station. 

 

Figure 2. 4: Reducing transmission 

distance by a multi-hop communication 

scheme 

 

Figure 2. 5: Circumventing shadowing 

by multi-hop

 

In a multi-hop system the transmission takes place at a lower power level by allowing 

MS1 to communicate with a neighbouring relay station (RS), which then relays the 

signal further to the base station. Naturally, there could be more than one relay-mode 

relay terminal involved in the communication link. The amount of latency allowed for 

within the given cellular application specification places an upper limit on the number 

of relay points and thus limits the range per base station.  

On many occasions there is no line-of-sight between a mobile terminal and the base 

station. A typical situation in an urban environment would be a base station located 

around the corner of a building (Figure 2.5). The signal attenuation over such a 

propagation path may be very high, demanding much larger transmission power than 

would be necessary for covering the mere distance. In multi-hop systems such a case 

may be dealt with much greater efficiency. A relay terminal located at the corner has a 

line-of-sight to both communicating parties and it can relay the signal with much lower 

loss in the propagation path. 
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2.2.2 Mobile Relay Station 

Mobile Relay Station (MRS) is a relay station that is intended to function while in 

motion. MRS mobility is constrained by the same limits as a Mobile Station (MS) in 

IEEE 802.16e-2005. Relays may be installed nomadic (transportable, eg., on trucks) or 

mobile (on buses, trains, etc). 

 

 

Figure 2. 6: Multihop network concept 

 Here we focus on the case of a Mobile Relay Station, Figure 2.6 demonstrates the 

concept of a multihop network, including an MRS mounted on a bus that provides 

service to passengers onboard. As the MRS moves within an area, it will have to 

perform handover between different base stations (when crossing from one network cell 

to another). At the same time the group of mobile stations it supports will also change 

dynamically over time. The physical layer mode used in each cell is determined by the 

base station that serves it. As the propagation environment differs from cell to cell (e.g. 

urban, suburban, rural), different base stations may require different physical layer 

modes. While simple terminals, supporting only the mandatory modes, are still 

backwards compatible with all base stations, they need to be able to support the 

advanced modes in order to take advantage of them. The same holds for a MRS that 

acts as a terminal on the relay link. 
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2.3 Path Loss Model - Stanford University Interim 

Stanford University Interim (SUI) Model [21] IEEE working group 802.16 is at the 

forefront of developing technical standards for FWA (Fixed Wireless Access) systems. 

The proposed standards for the frequency bands below 11 GHz contain the channel 

models developed by Stanford University, namely the SUI models. Note that these 

models are defined for the Multipoint Microwave Distribution System (MMDS) 

frequency band in the USA, which is from 2.5 GHz to 2.7 GHz. Their applicability to 

the 3.5 GHz frequency band that is in use in the UK has so far not been clearly 

established. 

The SUI models are divided into three types of terrains
1
, namely A, B and C. Type A is 

associated with maximum path loss and is appropriate for hilly terrain with moderate to 

heavy foliage densities. Type C is associated with minimum path loss and applies to flat 

terrain with light tree densities. Type B is characterised with either mostly flat terrains 

with moderate to heavy tree densities or hilly terrains with light tree densities. The 

basic path loss equation with correction factors is, 

PL = A + 10γ log₁₀ (d/d₀) + Xf + Xh + s for d > d₀ 

where, d is the distance between the AP and the CPE antennas in metres, d₀ = 100 m 

and s is a log normally distributed factor that is used to account for the shadow fading 

owing to trees and other clutter and has a value between 8.2 dB and 10.6dB. The other 

parameters are defined as, 

A = 20 log10 (4πd₀/λ)  

γ = a – bhb + c/hb,  

parameter hb is the base station height above ground in metres and should be between 

10 m and 80 m. The constants used for a, b and c are given in Table 2.1. The parameter 

γ in is equal to the path loss exponent. For a given terrain type the path loss exponent is 

determined by hb.  

 
 

Model Parameter Terrain A Terrain B Terrain C 

a 4.6 4.0 3.6 

b (m⁻
1
) 0.0075 0.0065 0.005 

c (m) 12.6 17.1 20 

Table 2. 1: Numerical values for the SUI model parameters 

The correction factors for the operating frequency and for the CPE antenna height for 

the model are,  

Xf = 6.0 log10 (f/2000)   

Xh = −10.8 log10 (hr/2000) for Terrain types A and B  

 = −20.0 log10 (hr/2000) for Terrain type C  

where, f is the frequency in MHz and hr is the CPE antenna height above ground in 

metres. The SUI model is used to predict the path loss in all three environments, 

namely rural suburban and urban. 
 

1. The word ‘terrain’ is used in the original definition of the model rather than ‘environment’. Hence it is used interchangeably with 

‘environment’ in this subsection. The word ‘terrain’ will be used when referring to the model and ‘environment’ elsewhere. 
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2.4 Digital Modulation 

In digital modulation, an analog carrier signal is modulated by a digital bit stream. 

Digital modulation methods can be considered as digital-to-analog conversion, and the 

corresponding demodulation or detection as analog-to-digital conversion. The changes 

in the carrier signal are chosen from a finite number of M alternative symbols. 

In this paper we are going to use QPSK, 16 QAM and 64 QAM only, short description 

follows. 
 

2.4.1 Quadrature Phase Shift Keying 

When a higher spectral efficiency modulation is needed, i.e. more b/s/Hz, greater 

modulation symbols can be used. For example, QPSK considers two-bit modulation 

symbols.  

     

       Q  

     01        11  

                

            I 

 

   00        10   

  

        

Figure 2. 7: QPSK constellation 

Many variants of QPSK can be used but QPSK always has a four-point constellation in 

Figure 2.7. The decision at the receiver, e.g. between symbol ‘00’ and symbol ‘01’, is 

less easy than a decision between ‘0’ and ‘1’. The QPSK modulation is therefore less 

noise resistant than BPSK as it has a smaller immunity against interference. A well-

known digital communication principle must be kept in mind: ‘A greater data symbol 

modulation is more spectrum efficient but also less robust. 
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2.4.2 Quadrature Amplitude Modulation
QAM 

The QAM changes the amplitudes of two sinusoidal carriers depending on the digital 

sequence that must be transmitted; the two carriers being out of phase of +

amplitude modulation is called 

digital communication theory, QAM

(considering complex data symbols). Both 16

64-QAM (6 bits/modulation symbol) modulations are includ

standard. The 64-QAM is the most efficient modulation of 802.16 (Figure 

6 bits are transmitted with each modulation symbol.

 

Figure 2. 

 

The 64-QAM modulation is optio

• license-exempt bands, when the OFDM PHYsical Layer is used

• For OFDMA PHY, yet the Mobile 

mandatory in the downlink.

 

 

 

Quadrature Amplitude Modulation: 16-QAM and 64

The QAM changes the amplitudes of two sinusoidal carriers depending on the digital 

sequence that must be transmitted; the two carriers being out of phase of +

amplitude modulation is called quadrature. It should be mentioned that according to 

digital communication theory, QAM-4 and QPSK are the same modulation 

(considering complex data symbols). Both 16-QAM (4 bits/modulation symbol) and 

QAM (6 bits/modulation symbol) modulations are included in the IEEE 802.16 

QAM is the most efficient modulation of 802.16 (Figure 

6 bits are transmitted with each modulation symbol. 

Figure 2. 8: 64-QAM constellation 

QAM modulation is optional in some cases: 

exempt bands, when the OFDM PHYsical Layer is used

or OFDMA PHY, yet the Mobile WiMax profile indicates

mandatory in the downlink. 
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QAM and 64-

The QAM changes the amplitudes of two sinusoidal carriers depending on the digital 

sequence that must be transmitted; the two carriers being out of phase of +π/2, this 

. It should be mentioned that according to 

4 and QPSK are the same modulation 

QAM (4 bits/modulation symbol) and 

ed in the IEEE 802.16 

QAM is the most efficient modulation of 802.16 (Figure 2.8). Indeed, 

 

exempt bands, when the OFDM PHYsical Layer is used 

profile indicates that 64-QAM is 
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2.5 OFDM Review  

The OFDM transmission technique has established itself as an elegant and popular 

method for overcoming the FSF in broadband wireless systems [22]. The IEEE 802.11 

a/g standards for wireless local area networks (WLANs) [23] which are popularly 

known as WiFi have used OFDM to achieve speeds of the order of 50 Mbps in an indoor 

multipath environment.  The discrete multi tone (DMT) system used in the ADSL 

modems also uses OFDM to achieve high bit-rates in the telephone channel [24].   The 

WiMAX [25] standards have proposed various OFDM based methods for use in fixed 

and mobile environments.  Various other systems that use OFDM include power line 

communications, digital audio and video broadcasting systems, and ultra wideband 

based systems for short range wireless.    

  

   Some of the key concepts in OFDM include the use of orthogonal subcarriers 

or sending several data symbols in parallel resulting in better spectral efficiencies and 

simple equalization methods at the receiver.  The samples of the transmitted OFDM 

signal can be obtained by performing an IFFT operation on the group of data symbols to 

be sent on orthogonal subcarriers.  Similarly, the recovery of data symbols from the 

orthogonal subcarriers is accomplished using a FFT operation on a block of received 

samples.  Thus, the IFFT and FFT blocks at the transmitter and at the receiver, 

respectively, are important components in an OFDM system.  A lot of work has gone 

into the optimization of the FFT implementations and the design community has 

leveraged this trend to advantage leading to popularity of OFDM based systems.  

 

  The time-frequency view of an OFDM signal is shown in figure 2.9, where the 

important parameters like subcarrier spacing and OFDM symbol period are shown. 

 

 
 

Figure 2. 9: Time-Frequency view of OFDM signal 
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One can see from the figure that even though the subcarrier signals are overlapping in 

the time and frequency domains, there is no mutual interference when the sampling is 

done at certain specific points in the frequency domain called as subcarrier positions. 

This is one of the important properties of an OFDM signal and this leads to higher 

spectral efficiencies as compared to a frequency division multiplexed (FDM) system.  

The granularities in the time and frequency domain are the OFDM symbol period (Tos) 

and the sub-carrier spacing (Δf)    , respectively. In addition, a cyclic prefix (CP) is 

added to the    f OFDM symbol to protect against interference between OFDM symbols 

and against the loss of orthogonality due to the multipath channel. The choices of values 

for these parameters are based on channel conditions, efficiency requirements, hardware, 

and algorithmic capabilities.   For example, in a typical WLAN application where 

mobility is not an issue, the channel delay spread and the frequency offset are important 

factors in the design of the OFDM parameters.  However, in mobile WiMAX systems, 

the Doppler spread has to also be considered along with the above mentioned parameters 

in the design.  For WiFi, the subcarrier spacing is about 300 KHz while in mobile 

WiMAX the value is around 11 KHz while the CP duration is around 800 nanoseconds 

for WiFi and is typically about 10 microseconds for WiMAX  

 

  Adaptive modulation and coding (AMC) on the different subcarriers is another 

feature in OFDM systems which has been successfully used in the DMT standard [24] 

and has been proposed for use in WiMAX and in high speed extensions of WiFi referred 

to as 802.11n [26].  The frequency domain variations of the multipath channel are used 

effectively with AMC so as to obtain advantages like higher data rates and lesser 

transmitted power when compared with an uniformly loaded system. In OFDM systems 

with AMC, the knowledge of the multipath channel’s characteristics at the transmitter is 

obtained through feedback mechanisms which are also being considered in WiFi and 

WiMAX.  

 

The ability to use multiple antennas to enhance data rates and reliability is expected to 

be an important feature of most high-speed wireless systems. However, the use of this 

feature is much easier in OFDM as compared to their use in single carrier 

communication systems. The reason is due to the inherent multicarrier nature which 

transforms a broadband transmission in a multipath fading channel to several parallel 

narrowband transmissions. Thus, techniques and concepts which have been extensively 

developed for narrowband or flat fading wireless channels can be reused in a broadband 

context. For instance many innovations in MIMO and space-time coding [23] which are 

likely to be the key feature in wireless systems can be easily extended when OFDM is 

used. Related signal processing tasks like channel estimation are much easier in OFDM 

systems as compared with their implementation in other transmission techniques. 
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2.5.1 OFDM based Multiple Access   

Various multiple access schemes can be combined with OFDM transmission and they 

include orthogonal frequency division multiplexing-time division multiple access 

(OFDM-TDMA), OFDMA, and multicarrier code division multiple access (MC-

CDMA). In OFDM-TDMA, time-slots in multiples of OFDM symbols are used to 

separate the transmissions of multiple users as shown in figure 2.10.This means that all 

the used subcarriers are allocated to one of the users for a finite number of OFDM 

symbol periods. In WiMAX, one of the allowed transmission mode uses OFDM-TDMA 

wherein the base station allocates the time-slots to the users for the downlink (DL) and 

uplink (UL) transmissions.  Note that even in the distributed access scheme in WiFi, 

assuming that there are no collisions, a similar principle is followed.  The only 

difference from OFDM-TDMA is that the users capture the channel and use it for certain 

duration, i.e., the time dimension is used to separate the user signals [27]. 

 

 

 
 

Figure 2. 10: Time – Frequency view of an OFDM-TDMA Signal 
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In OFDMA systems, both time and/or frequency resources are used to separate the 

multiple user signals.  Groups of OFDM symbols and/or groups of subcarriers are the 

units used to separate the transmissions to/from multiple users. In figure 2.11, the time-

frequency view of a typical OFDMA signal is shown for a case where there are 3 users. 

It can be seen from figure 2.11 that users’ signals are separated either in the time-domain 

by using different OFDM symbols and/or in the subcarrier domain.  Thus, both the time 

and frequency resources are used to support multiuser transmissions. We shall discuss 

this technique in more detail in the subsequent sections and also compare it with OFDM-

TDMA. 

 

 

 

 

 

Figure 2. 11: Time – Frequency view of an OFDMA Signal 
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The various features of OFDM transmission discussed so far can be summarized as in 

figure 2.12. We shall now discuss details of OFDMA and its application to WiMAX. 

 

 

 
 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. 12: Various Features of OFDM Transmission 
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2.5.2 Orthogonal Frequency Division Multiple Access  

 In OFDMA systems, the multiple user signals are separated in the time and/or 

frequency domains. Typically, a burst in an OFDMA system will consists of several 

OFDM symbols. The subcarriers and the OFDM symbol period are the finest allocation 

units in the frequency and time domain, respectively. Hence, multiple users are allocated 

different slots in the time and frequency domain, i.e., different groups of subcarriers and/ 

or OFDM symbols are used for transmitting the signals to/from multiple users.  For 

instance, we illustrate an example in figure 2.13 wherein the subcarriers in an OFDM 

symbol are represented by arrows and the lines shown at different times represent the 

different OFDM symbols.  We have considered 3 users and we have shown how 

resources can be allocated by using the different subcarriers and OFDM symbols.  

 

 

Figure 2. 13:  Example allocation of resources to users in an OFDMA system 

2.1 Subchannels in OFDMA  

 In practice, the allocation in the frequency domain is not addressed at the level of 

subcarriers. Typically, subchannels which are the smallest granular units in the 

allocation are created by grouping subcarriers in an OFDM symbol in various ways.  

The formation of these subchannels from subcarriers is an important concept in 

OFDMA systems.  The formation can be classified into 2 types; one is the mapping of a 

contiguous group of subcarriers into a subchannel called as the adjacent subcarrier 

method (ASM) and the other is the diversity/permutation based grouping called as 

diversity subcarrier method (DSM) wherein the subchannel typically contains non 

contiguous subcarriers.  An example of the allocation using the two methods is 

illustrated in figure 2.14a and 2.14b, respectively.    

  

In the ASM method, a subchannel typically contains a group of contiguous subcarriers 

and it is expected that the channel frequency responses on the subcarriers in a 

subchannel will be strongly correlated.  This is based on the fact that subcarriers which 
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fall within the coherence bandwidth have similar responses.  The ASM method is 

suitable for the use of AMC as a strongly correlated block of subcarriers can be 

considered together as an unit to enable simple channel feedback which is necessary to 

implement the bit-loading. Note that if the subcarrier responses were uncorrelated, then 

the channel responses on each subcarrier would have to feed back to the transmitter 

resulting in a higher overhead.  Thus, the channel feedback which consumes valuable 

bandwidth and power can be simplified when AMC is used along with ASM.  

Moreover, simplifications to the adaptive loading algorithm used in AMC can be 

achieved when the adjacent subcarriers have similar responses [12].  We shall explore 

the use of AMC in WiMAX and compare it with the DSM in detail in later sections.   

  

A FSF channel has inherent frequency diversity (FD) due to the variations of the channel 

response in the frequency domain, i.e., the subcarriers from different positions in the 

frequency domain are likely to experience different channel fading conditions.  This  

FD has been leveraged in WiFi systems by using suitable error control coding and 

interleaving.  In the DSM, subcarriers from seemingly random positions in the frequency 

domain are grouped into a subchannel.  Thus, a subchannel has potential frequency 

diversity which can be leveraged when the data to be sent on this subchannel is suitably 

coded and interleaved. Such bit interleaved coded modulation (BICM) methods have 

been used in WiFi and are also being used in WiMAX systems. Frequency hopping 

methods can also be combined with the DSM method such that the subcarriers in a 

particular subchannel are not constant in time.   

  

The time granularity for ASM and DSM is in multiples of OFDM symbols; for example, 

the same subchannel in two OFDM symbols could be the basic allocation unit. Users are 

typically allotted one or more subchannels for one or more OFDM symbols depending 

on the allocation and the requirements. Note that subchannelization allows us to handle 

resources as groups of subcarriers and OFDM symbols.  We shall see some practical 

examples and understand the advantages by considering the WiMAX system. 

 

Figure 2. 14: Subchannelization example (a) ASM method (b) DSM method 



 

23 | P a g e  

 

 Multihop Concept In Cellular Systems 

    

SECTION 3SECTION 3SECTION 3SECTION 3    

 

This part will give the clear idea of OFDMA PHYsical MAC frame structure for both 

BS and RS in non-transparent mode. Further description of OFDMA symbol in time 

and frequency domain is explained with one example and even the use of Scalable 

OFDMA too. Later this session will cover the subcarrier permutations both distributed 

and adjacent and end up with idea of OFDMA data mapping. 

 

WirelessMAN-OFDMA PHY 

3.1 IFFT Operator Introduction 

The FFT is the Fast Fourier Transform operator. This is a matrix computation that 

allows the discrete Fourier transform to be computed (while respecting certain 

conditions). The FFT works for any number of points. The operation is simpler when 

applied for a number N which is a power of 2 (e.g. N = 256). The IFFT is the Inverse 

Fast Fourier Transform operator and realises the reverse operation. OFDM theory [14] 

shows that the IFFT of magnitude N, applied on N symbols, realises an OFDM signal, 

where each symbol is transmitted on one of the N orthogonal frequencies. The symbols 

are the data symbols of the type BPSK, QPSK, QAM-16 and QAM-64 explained 

earlier. Figure 3.1 shows an illustration of the simplified principle of the generation of 

an OFDM signal. In fact, generation of this signal includes more details that are not 

shown here for the sake of simplicity. 

       Td 

  Td    X2 

 [X0, X1, …, XN-1]   X1 

    OFDM Signal 

    XN-1 

  

    Each (modulation) symbol is modulated  

    with a possibility different modulation 

Figure 3. 1: Generation of an OFDM signal (simplified) 

Serial / 

Parallel 

Conversion 

IFFT 



 

24 | P a g e  

 

 Multihop Concept In Cellular Systems 

3.2 OFDMA symbol description, symbol parameters and 
transmitted signal 

3.2.1 Time domain description 

 

 Inverse-Fourier-transforming creates 

the OFDMA waveform; this time 

duration is referred to as the useful 

symbol time Tb. A copy of the last Tg 

of the useful symbol period, termed 

CP, is used to collect multipath, 

while maintaining the orthogonality 

of the tones. Figure 3.2 illustrates this 

structure. 

 

 

 

 

 

 

Guard Time Data  Data 

Tg  Tb 

  Ts 

 

Figure 3. 2: OFDMA symbol time 

structure 

The transmitter energy increases with the length of the guard time while the receiver 

energy remains the same (the cyclic extension is discarded), so there is a 10log (1 - Tg / 

(Tb + Tg)) / log (10) dB loss in Eb / N0. Using a cyclic extension, the samples required 

for performing the FFT at the receiver can be taken anywhere over the length of the 

extended symbol. This provides multipath immunity as well as a tolerance for symbol 

time synchronization errors. 

 

On initialization, an SS should search all possible values of CP until it finds the CP 

being used by the BS. The SS shall use the same CP on the uplink. Once a specific CP 

duration has been selected by the BS for operation on the downlink, it should not be 

changed. Changing the CP would force all the SSs to resynchronize to the BS. 

 

3.2.2 Frequency domain description 

The frequency domain description includes the basic structure of an OFDMA symbol.  

 

An OFDMA symbol is made up of subcarriers, the number of which determines the FFT 

size used. There are several subcarrier types: 

 

— Data subcarriers: for data transmission 

— Pilot subcarriers: for various estimation purposes 

— Null carrier: no transmission at all, for guard bands and DC carrier 

 

The purpose of the guard bands is to enable the signal to naturally decay and create the 

FFT “brick wall” shaping. 

 

 

Guard 

Time 

Data 

 

Data 
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In the OFDMA mode, the active subcarriers are divided into subsets of subcarriers, each 

subset is termed a subchannel. In the downlink, a subchannel may be intended for 

different (groups of) receivers; in the uplink, a transmitter may be assigned one or more 

subchannels, several transmitters may transmit simultaneously. The subcarriers forming 

one subchannel may, but need not be adjacent. The concept is shown in Figure 3.3. 

 

The symbol is divided into logical subchannels to support scalability, multiple access, 

and advanced antenna array processing capabilities. 

 

 

Pilot sub-carriers  DC Subcarrier 

 

Left Subchannel 1 Subchannel 2 Subchannel 3    Right 

Guard Guard 

Sub                Sub 

Carriers             Carriers 

 

 

 

Figure 3. 3: OFDMA frequency description (3 channel schematic example) 
 

3.2.3 Primitive parameters 

The following four primitive parameters [3] characterize the OFDMA symbol can seen 

in figure 3.4. 

  

 Nominal channel bandwidth BW [Hz] 

  The bandwidths which can be allocated are e.g. 1.25, 2.5, 5, 10 or 20 MHz. 

  BW = Fs/n. 

 

 Used bandwidth BW [Hz]   

  The bandwidth is the area which is physically occupied by the WiMAX signal 

  in frequency domain. The used bandwidth must be smaller than the nominal 

  BW. BW = Nused (max). ∆ f  

 

 Sampling frequency Fs [Hz]  

The sampling frequency is the "core" frequency of the transmission system, i.e. 

the frequency at which e.g. the D/A converter generates new samples. 

Fs = floor (n.BW/ 8000 × 8000) 

 

Sampling factor n  

The sampling factor is equal to the ratio of sampling frequency to channel 

bandwidth. Typical factors are 8 /7 (very common), 28/25, 86/75… 

 n = Fs / BW. 
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FFT size NFFT   

 In OFDM, signals are very often processed using fast Fourier transformation 

 (FFT). NFFT specifies the number of samples for this processing step and is 

 always a power of 2.  

 Typical values are 256 (for OFDM) or 2048 (for OFDMA). 

 

(Sub-) carrier spacing ∆ f [Hz]       

 is the distance between two adjacent physical OFDM carriers. For OFDMA, 

 this value is e.g. 11.1607 kHz. 

 The value is calculated by ∆ f = Fs / NFFT.  

 

 

 

 
Figure 3. 4: OFDM term definitions 

 
 Useful symbol time Tb[s]  

The time a symbol is "valid", which means the correct and undisturbed carrier 

modulation state (also called the "orthogonality interval") is present. For FFT 

analysis, this is the analyzed interval length, 

Tb = 1/∆ f. 
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 Guard period ratio / interval G, cyclic prefix (CP) time Tg[s] 

  In order to collect multipath information, a particular ratio of the useful symbol 

  is added to the OFDM symbol. The ratio is called guard period (typical values 

  of G: 1/4, 1/8, 1/16 or 1/32), the absolute time is called cyclic prefix 

  Cyclic prefix or Tg = G · Tb. 

 

 (Overall) OFDM symbol time Ts[s]  
  The duration of the complete OFDM symbol is the addition of useful symbol 

  time and cyclic prefix time. 

  (TS = Tb + Tg). 

 

  Number of used subcarriers Nused 

  Due to e.g. the shape of the transmission filter, the outer carriers of an OFDM 

  signal may be attenuated and thus be disturbed. Also, the DC carrier cannot be 

  used. Consequently, the outer carriers do not carry any modulation data. Nused 

  may vary, e.g. depending on special transfer modes.  

  For OFDM, NFFT = 256, Nused = 200, OFDMA, NFTT=2048 and Nused=1680. 

 

 DC subcarrier 
  The DC subcarrier is the carrier at the transmission frequency and is not used 

  for data transmission (set to 0).  

 

 Pilot carriers 
  Pilot carriers are used to synchronize the receiver to the transmitter by means 

  of phase, frequency and timing. For OFDM, eight pilot carriers are used. 

   

  Guard subcarriers N Guard, left / N Guard, right 
  The guard subcarriers are the outer carriers, which are not used for   

  transmission.  

  NFFT   = N used (max) + N Guard, left + N Guard, right + 1 (DC subcarrier) 

 

OFDM/OFDMA Calculation Example  

The following example shows how to calculate the main factors of an OFDM 

system signal. Assume the OFDM signal with the following parameters:  

 

� FFT size NFFT   = 2048 carriers 

� User data carriers Ndata = 1536 

� System bandwidth BW = 20 MHz  

� Sampling factor n  = 28 /25 

� Velocity of light c  = 3.10
5
 km/s 

These parameters can be used to calculate the following:  

� Sampling frequency Fs = n · BW = 28/25 · 20 MHz = 22.4 MHz  

� Carrier spacing ∆ f= Fs /NFFT = 22.4 MHz/2048 = 10.94 k Hz  

� Useful symbol time Tb = 1 / ∆ f = 1 / 10.94 kHz = 91.42�s 
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For the calculation of the guard interval length, it is important to estimate the 

maximum difference between the length of the line-of-sight path and the 

longest delay path.  

 

� Assuming G is ¼ then,  

Tg = G · Tb =1/4 · 91.42 = 22.85�s.  

Within 22.85�s, the electric wave travels a distance of  

Ddelay = c · Tg = 300 m/ �s ·22.85 �s = 6.8 km. 

 

� Assuming G is 1/32 then, 

Tg= 1/32 · 91.42 = 2.85�s, Ddelay= 0.85 km. 

 

If assuming G to be ¼, 

 

� Overall symbol time 

 Ts = Tb+Tg=91.42 μs + 22.85 μs = ~114 μs 

 

� For e.g. Nsymbols = 175 symbols, then subframe length 

 Tsubf    = Nsymbols .Ts=175 · 114 �s = ~20ms 

 

� For e.g. QPSK modulation, the number of bits in this subframe 

 Nbit = Ndata · Nsymbols · (bits / modulation state)  

  = 1536 · 175 · 2 = 537000 bit. 

 

� The raw transfer rate (without coding, puncturing, etc) calculates to  

 537 Kbit/20ms = 26.88 Mbit/s. 

  

  OFDMA uses the same techniques as OFDM, but adds the functionality to divide the total 

  number of carriers used by the OFDM signal into groups of non-adjacent carriers where  

  different users are allocated to different carriers. This makes it possible to assign the total  

  number of OFDM carriers to more than one user at a time. 
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Data Rate 

 

 As the based on the above example calculation Data rates for different 

 modulation  schemes with change in G ratio and fixed values of Nfft, Ndata, 

 Sampling factor and BW shown in Table 3.1. 

 

Nfft/Ndata 2048/1536 OFDM/OFDMA Raw bit rates in Mb/s 

Sampling Factor 28/25 G ratio 
QPSK QPSK 16-QAM 16-QAM 64-QAM 64-QAM 

 1/2  3/4  1/2  3/4  2/3  3/4 

Bandwidth  20Mhz 

  1/32 16.29 24.44 32.58 48.87 65.16 73.31 

  1/16 15.81 23.72 31.62 47.44 63.25 71.15 

  1/8  14.93 22.40 29.87 44.80 59.73 67.20 

  1/4  13.44 20.16 26.88 40.32 53.76 60.48 

Bandwidth  10Mhz 

  1/32 8.15 12.22 16.29 24.44 32.58 36.65 

  1/16 7.91 11.86 15.81 23.72 31.62 35.58 

  1/8  7.47 11.20 14.93 22.40 29.87 33.60 

  1/4  6.72 10.08 13.44 20.16 26.88 30.24 

Table 3. 1: OFDM/OFDMA PHY data rates in Mb/s [18]. 

 
  Note: These data rate values are not included some overheads such as preambles (of the 

   order of  one or two OFDM symbols per frame) and signalling messages present in 

   every frame Hence these data rates, known as raw data rates, are optimistic values. 

 

 

Receiver SNR assumptions 

 

Table 3.2 specifies the no of bits cane allocated to single OFDM symbol in 

relation with type of modulation, coding rate and received SNR. It is evident, 

that higher modulation orders are seldom utilized for its high SNR [4] 

requirements. Consequently, the system throughput is largely degraded; still 

this kind of scenario can improved by introduction of Realy Station. 

 

Modulation and 

coding rate 

Received 

SNR (dB) 

Ndata
2
=~1536 

Bits / Symbol 

QPSK 
  1/2  5 1536       

  3/4  8 2304       

16QAM 
  1/2  10.5 3072       

  3/4  14 4608       

64QAM 

  1/2  16 4608       

  2/3  18 6144       

  3/4  20 6912       

 
Table 3. 2: Modulation and coding rate with SNR (taken from [4], Table 338) 

  2. 
Ndata and Bits/Symbol not from the standard, its assumption only  
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3.3 OFDM-TDMA and OFDMA 

 In OFDMA, the OFDMA subcarriers are divided into subsets of subcarriers. Each 

 subset representing a subchannel (see Figure 3.3). In the downlink, a subchannel 

 may be intended for different receivers or groups of receivers; in the uplink, a 

 transmitter may be assigned one or more subchannels. The subcarriers forming one 

 subchannel may be adjacent or not.  The standard [3] indicates that the OFDM 

 symbol is divided into logical subchannels  to support scalability, multiple access 

 and advanced antenna array processing capabilities. The multiple access has a new 

 dimension with OFDMA. A downlink or an uplink user will have a time and a 

 subchannel allocation for each of its  communications in see Figure 3.6. Different 

 subchannel distributions and logical  renumbering are defined in the 802.16 standard. 
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Figure 3. 5: Illustration of OFDM – TDMA 
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Figure 3. 6: Illustration of OFDMA 

  

 In the OFDM multiplexing technique, there could be two ways to access the radio 

 medium. One is the OFDM-TDMA and another one is the OFDMA. In an OFDM-

 TDMA scheme, for a given time slots all subcarriers are used by the same user. On 

 the other hand, in an OFDMA scheme subcarriers can be allocated to different users 

 at a time: like occupying one or more subcarriers, instead of the whole frequency. The 

 difference between OFDM-TDMA and OFDMA is shown in Figure 3.5 and 3.6. 
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 OFDMA actually uses the concept of subchanneling. Unlike subcarriers, which are 

 physically bound to a particular frequency, the subchannels are logical units that 

 group a set of subcarriers together [29]. These subchannels are allocated for data 

 connections. By using an intelligent dynamic spread of the subchannels throughout 

 the wide frequency spectrum of an OFDMA system, diversity in the frequency is 

 optimally guaranteed. This has the positive effect of averaging the overall created 

 interference on a particular channel for the neighbouring cells. In OFDMA systems 

 although same subchannels cannot be used by different users in a cell, it can be reused 

 by the other cells which are far apart. In this thesis we tried to reuse the subchannels 

 by maintaining a particular level of interference. 

 

3.4 Scalable OFDMA 

The concept of scalability was introduced to the IEEE 802.16 WirelessMAN OFDMA 

mode by the 802.16 Task Group e (TGe). A scalable physical layer [15] enables 

standard-based solutions to deliver optimum performance in channel bandwidths 

ranging from 1.25 MHz to 20 MHz with fixed subcarrier spacing for both fixed and 

portable/mobile usage models, while keeping the product cost low. The architecture is 

based on a scalable subchannelization structure with variable Fast Fourier Transform 

(FFT) sizes (128, 512, 1024 and 2048 except 256) according to the channel 

bandwidth. In addition to variable FFT sizes, the specification supports other features 

such as Advanced Modulation and Coding (AMC) subchannels, Hybrid Automatic 

Repeat Request (H-ARQ), high-efficiency uplink subchannel structures, Multiple-

Input-Multiple-Output (MIMO) diversity, and coverage enhancing safety channels, as 

well as other OFDMA default features such as different subcarrier allocations and 

diversity schemes.  

 

Parameter Mode 

system Bandwidth(MHz) BW 1.25 2.50 5.00 10.00 20.00 

Sampling frequency  (MHz) Fs = (28/25)*BW 1.40 2.80 5.60 11.20 22.40 

Sample time (µs) Ts = 1 / Fs 0.71 0.36 0.18 0.09 0.04 

FFT size N 128 256 512 1024 2048 

Subcarrier spacing(KHz) Δf = Fs / N 10.94 10.94 10.94 10.94 10.94 

Useful symbol time(µs) Tb = 1/f 91.43 91.43 91.43 91.43 91.43 

    Available guard time settings Tg Tb/4 Tb/8 Tb/16 T/32 

guard time (µs) Tg 22.86 11.43 5.71 2.86 

OFDMA symbol time (µs) Ts=Tb + Tg 114.29 102.86 97.14 94.29 

  

Table 3. 3: OFDMA scalability parameters (taken from [3], *n value changed from 8/7 to 28/25) 
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 Without scalability, performance is reduced or cost is increased for low- and 

 mid-size channel bandwidths. Table 3.3 summarizes the main scalability parameters 

 as recommended for adoption in the standard. 

 

WirelessMAN OFDMA supports a wide range of frame sizes (see Table 3.4) to 

flexibly address the need for various applications and usage model requirements. With 

a 2048 FFT size, the number of OFDM symbols in the short frame size, (e.g., 2 ms), 

will be very small for narrow bandwidths (less than 2 OFDM symbols for 1.25 MHz 

band) which makes the short frame sizes practically unusable (due to high overhead). 

Another advantage of scalability is to guarantee a lower bound on the number of 

OFDM symbols per frame (particularly a problem for small bandwidth and frame 

sizes). 

 

Frame size (Duration ms) 2 2.5 4 5 8 10 12.5 20 

Frame size (No ofdm symbols) 19 24 39 49 79 99 124 198 

 

Table 3. 4: Scalable OFDMA frame sizes*taken from [18], n value changed from 8/7 to 28/25 

 

The following items are emphasized as the drivers of scalability and are revisited 

frequently. 

a. Subcarrier spacing is independent of bandwidth. 

b. The number of used subcarriers and FFT size should scale with 

bandwidth. 

c. The smallest unit of bandwidth allocation, specified based on the 

concept of      subchannels, is fixed and independent of bandwidth and 

other modes of operation. 

d. The number of subchannels scales with FFT size rather than with the 

capacity of subchannels. 

 

 Note: Fixing the capacity of the subchannel may not be the best choice  especially for 

 low-bandwidth systems where typical applications are different in nature. 

 

3.5 Frame structure of MR-BS and RS 

This section describes the minimal requirements for an in-band frame structure for a 

MR-BS and its subordinate RS. Modes of frame structures available are 

 

a. Transparent mode (De centralised) 

b. Non Transparent mode  (Centralised) 

In this paper describes about Non Transparent mode only 
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3.5.1 Frame structure for non-transparent mode 

For the case where MR-BS supports two-hop relay, the DL and UL subframes shall 

include at least one access zone and may include one or more relay zones to enable RS 

operating in either transmit or receive mode. 

 

Multihop relaying supports single frame or multi frame approach, but not both 

simultaneously. 

 

Multi frame: Allows one or more RS or MR-BS frames to be grouped into a 

multi-frame with a repeating pattern of allocated relay zones. The MR-BS and 

RSs are assigned to transmit, receive or be idle in each of the relay zones 

within the multi-frame. As an example, a two-frame multi-frame can be used 

to assign odd hop RSs to transmit in the DL relay zone of odd number frames 

and the MR-BS and even hop RSs to transmit in the DL relay zone of even 

number frames. 

 

Single frame: Enables a single-frame frame structure consisting of more than 

one Relay zones. The MR-BS and RSs are assigned to transmit, receive, or be 

idle in each relay zone within the frame. As an example, the odd hop RSs can 

be assigned to transmit in one DL relay zone, while the MR-BS and even hop 

RSs can be assigned to transmit in another DL relay zone. 

 

3.5.1.1 MR-BS frame structure 

Each MR-BS frame begins with a preamble followed by an FCH and the DL MAP and 

possibly UL MAP. The DL sub-frame shall include at least one DL access zone and 

may include one or more DL relay zones as shown in figure 3.7. The UL sub-frame 

may include one or more UL access zones and it may include one or more UL relay 

zones. A relay zone may be utilized for either transmission or reception but the MR-BS 

shall not be required to support both modes of operation within the same zone. In each 

frame, the TTG shall be inserted between the DL sub-frame and the UL sub-frame. The 

RTG shall be inserted at the end of each frame. 

 

The first transmitted relay zone in the downlink shall include an R-FCH and an R-

MAP. In the DL relay zone, the subchannel allocation may be the same as that in the 

DL access zone. 
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 Figure 3. 7: Example of minimum configuration for an in

3.5.1.2 Relay frame structure

The RS transmits its DL 

serving MR-BS frame start preamble

 

The DL sub-frame shall include at least one DL access zone and may include one or 

more relay zones. An R

zone and an R-TTG or R

 

The UL sub-frame may include one or more UL access zones and one or more relay 

zones. An R-RTG may 

an R-TTG or R-RTG may be inserted between

 

A relay zone may be utilized for either transmission or reception but the RS shall not be 

required to support both modes of operation within the same zone.

 

 

  
Example of minimum configuration for an in-band non

frame structure 

Relay frame structure 

DL frame start preamble, UL sub-frame in 

BS frame start preamble and UL sub-frame respectively.

frame shall include at least one DL access zone and may include one or 

R-TTG may be placed between a DL access zone and a DL relay 

TTG or R-RTG may be place between two adjacent DL relay zo

frame may include one or more UL access zones and one or more relay 

 be placed between a UL access zone and a UL relay zone and 

RTG may be inserted between two adjacent UL relay zones

tilized for either transmission or reception but the RS shall not be 

required to support both modes of operation within the same zone. 
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band non-transparent relay 

frame in alignment with its 

. 

frame shall include at least one DL access zone and may include one or 

TTG may be placed between a DL access zone and a DL relay 

place between two adjacent DL relay zones. 

frame may include one or more UL access zones and one or more relay 

be placed between a UL access zone and a UL relay zone and 

two adjacent UL relay zones 

tilized for either transmission or reception but the RS shall not be 
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If the relay station switches from transmission to reception mode, an R-TTG may be 

required. If the relay station switches from reception to transmission mode, an R-RTG 

may be required. There may be more than one R-TTG and more than one R-RTG 

inserted in the RS frame. In each frame, the TTG shall be inserted between the DL sub-

frame and the UL sub-frame. The RTG shall be inserted at the end of each frame. 

 

The contents of the FCH, DL-MAP and UL-MAP in the Relay Frame may be different 

from those in the MR-BS frame. 

 

Each RS frame begins with a preamble followed by an FCH and the DL-MAP and 

possibly a UL-MAP. The R-FCH and the R-DL-MAP shall be transmitted in the first 

DL Relay zone that is in Tx mode. 

 

The MR-BS or RS transmits the Relay_Frame_configuration_message in the DL relay 

zone for the subordinate RSs to configure the multihop relay frame structure. 

 

For synchronization purpose, the relay amble, when present, shall be located either at 

the end of the last DL relay zone in which MR-BS/RS is in transmit mode or at the end 

of the DL subframe. For monitoring purpose, the relay link amble, when present, shall 

be located at the end of the DL subframe. An R-TTG or RRTG may be inserted before 

relay amble. 

 

3.6 OFDMA basic term s definition 

 Frame (contains zones)  
  A frame is one complete set of downlink and uplink transmissions, meaning the 

  time between two preambles of the downlink signal. 

 

 Zone (contains bursts)  
  A zone is one complete logical part of a frame. There are downlink and uplink 

  zones, and there are different zone types that may use all subchannels of the 

  OFDMA frequency range (full usage of subchannels = FUSC) or only parts of 

  them (partial us age of subchannels = PUSC).  

 Burst (contains slots)  
  A burst is an area within a zone which is assigned to one dedicated user. It uses 

  a certain number of subchannels (frequency) and a certain number of symbols 

  (time). Do not mix up a burst of OFDMA with a "power" burst (meaning the 

  area "between the gaps" of a signal). 

  

 Slot and data region [4] 

  A slot in the OFDMA PHY requires both a time and subchannel dimension for 

  completeness and is the minimum possible data allocation unit.  
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  The definition of an OFDMA slot depends on the OFDMA symbol structure, 

  which varies for uplink and downlink, for FUSC and PUSC, and for the  

  distributed subcarrier permutations and the adjacent subcarrier   

  permutation [4][30]. 

 

  For downlink FUSC and downlink optional FUSC using the distributed  

  subcarrier permutation, one slot is one subchannel by one OFDMA symbol.

   

  For downlink PUSC using the distributed subcarrier permutation, one slot is 

  one subchannel by two OFDMA symbols.   

 

  For uplink PUSC using either of the distributed subcarrier permutations, one 

  slot is one subchannel by three OFDMA symbols.   

 

  For the adjacent subcarrier permutation, one slot is one subchannel by 2, 3 

  or 6 OFDMA symbol. 

 

  In OFDMA, a Data Region is a two-dimensional allocation of a group of  

  contiguous subchannels, in a group of contiguous OFDMA symbols.  

 

          
      Slot (Symbol Offset) 
  Subchannel   

  Offset 

       

            

  

 No of OFDM symbols 

Figure 3. 8: Example of the data region which defines the OFDMA allocation 

 

  All the  allocations refer to logical Subchannels. A two dimensional allocation 

  may be visualized as a rectangle, such as the 4 × 3 rectangle shown in Figure 

  3.8.A data region can be transmitted in the downlink by the BS as a   

  transmission to a (group of) SS(s).  

 

Subchannel   
  A subchannel describes the smallest logical allocation unit in the frequency 

  domain. It contains one or more physical carriers, which are normally non- 

  adjacent carriers and whose order may change within a burst from symbol to 

  symbol. For 802.16-2004, the number of subchannels varies from 32 to 96, 

  depending on the zone type.   

    

    

     

No of subchannels 
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Symbol  
   A symbol is the smallest allocation unit in the time domain. The   duration  

  depends on the guard time and the frequency spacing. 

 

Segment 

  A Segment is a subdivision of the set of available OFDMA subchannels (that 

  may include all available sub-channels). One segment is used for deploying a 

  single instance of the MAC. There are up to three segments for the downlink 

  and three for the uplink. 

 

Pilot carriers  
  Pilot carriers are physical carriers that have a known bit pattern and are used 

  e.g. for phase synchronization. The location (= carrier "index") and number of 

  pilot carriers can be fixed or can change from symbol to symbol (depending on 

  the zone type).  

 

 

Permutation Zone 

Permutation Zone is a number of contiguous OFDMA symbols, in the DL or 

the UL, that use the same permutation formula. The DL subframe or the UL 

subframe may contain more than one permutation zone shown in figure 3.9 

which are PUSC, Optional PUSC, FUSC, Optional FUSC, and Optional AMC 

 

 
Figure 3. 9: Multiple zones in Uplink and Downlink subframes 
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3.6.1 Distributed Subcarrier permutations

3.6.1.1 Downlink

The global principle of PUSC (Partial Usage of Subchannels) is the following. The

symbol is first divided into subsets called clusters (downlink) or tiles (uplink). Pilots 

and data carriers are allocated within each subset. This allows partial frequency

diversity. Some main MAC messages and some PHY subframe fields are transmitted in 

the PUSC mode: FCH, DL

will now be detailed, which is illustrated by an example.
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PN #0 

  

  

  

  PN # 24 

  

  

  

  PN#99 

  

  

  PN #119 

        

   step 4 : Allocate subcarriers to subchannles

  

  

  

 

Major group # X 
 

  

  

        

 
Figure 3. 10: Downlink PUSC Cluster and Subcarrier allocation

 

Distributed Subcarrier permutations 

Downlink - Partially Used Subchannelizatio

The global principle of PUSC (Partial Usage of Subchannels) is the following. The

divided into subsets called clusters (downlink) or tiles (uplink). Pilots 

and data carriers are allocated within each subset. This allows partial frequency

diversity. Some main MAC messages and some PHY subframe fields are transmitted in 

, DL-MAP and UL-MAP. Downlink PUSC subchannel allocation 

will now be detailed, which is illustrated by an example. 

  

 

        

 

    

iers 
   

2. Renumber the clusters (Ex: 

DL_PermBase=5) 
 

  
3. Gather clusters in 

six major groups    

    

LN 

#40   

LN
0

 …
. LN

 2
3

 

      

      

      

Major 

group 0

    

LN # 

59   

      

      

    

 

 

  

    LN#0   

      

      

    

PN 

#31   

              

step 4 : Allocate subcarriers to subchannles           

The remaining data carriers are 

allocated to subchannels, 

subchannels for even 

numbered major groups, 

subchannels for odd numbered 

major groups

 
Allocate within each 

cluster of the major 

group the common 

pilots set 
 

                

Downlink PUSC Cluster and Subcarrier allocation
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ubchannelization 

The global principle of PUSC (Partial Usage of Subchannels) is the following. The 

divided into subsets called clusters (downlink) or tiles (uplink). Pilots 

and data carriers are allocated within each subset. This allows partial frequency 

diversity. Some main MAC messages and some PHY subframe fields are transmitted in 

MAP. Downlink PUSC subchannel allocation 

     

3. Gather clusters in 

six major groups 

  

  

  

  

  

Major 

group 0   

  

Major groups 

0 LN 0-23 

1 LN 24-39 

2 LN 40-63 

3 LN 64-79 

4 LN 80-95 

5 LN 96-119 

    

    

The remaining data carriers are 

allocated to subchannels, --12 

subchannels for even 

numbered major groups, --8 

subchannels for odd numbered 

major groups 

  

  

  

  

  

      

Downlink PUSC Cluster and Subcarrier allocation 
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Parameter 

FFT 

Size BW G N 

Pilot + data 

subcarriers Nfft fs Δf 

Value 2048 20Mhz   1/8  1  3/25 1680 2048 11.2MHz 10.93KHz 

 

Table 3. 5: Numerical parameters of the downlink PUSC 

 

The global principle of downlink PUSC cluster and subcarrier allocation is illustrated in 

Figure 3.10. Considering, for example, a 2048-FFT OFDMA Symbol, the number of 

guard subcarriers + DC carrier is (in the case of 2048 FFT) 184 + 183 + 1 = 368. 

Therefore, the number of pilot and data carriers to be distributed is 2048−184 = 1680. 

The parameters of this numerical example are given in Table 3.5. 

Allocation Steps 

Step1. Divide the Subcarriers into Clusters 

After removing the guard and DC subcarriers, the 1680 (pilot and data) subcarriers are 

divided into 120 clusters of 14 adjacent sub carriers each (14 × 120 = 1680) shown in 

figure 3.11. We here mention that a PUSC cluster has nothing to see with a cluster of 

cells.  

 

 184 guard subcarriers 120 clusters of 14 adjacent subcarriers each  183 guard subcarriers 

      DC  

Figure 3. 11: 2048-FFT OFDMA symbol 

 

 

The Physical Cluster number is between 0 and 119. Pilot subcarriers are placed within 

each cluster depending on the parity of the OFDMA symbols, as shown in figure 3.12. 

 

 
          Even OFDMA symbols 

   

 
          Odd OFDMA symbols 
  Pilot carrier  Data carrier 

 
Figure 3. 12: Downlink PUSC Cluster structure (Reference [18]) 
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Step 2: Renumber the Clusters 

The clusters are renumbered with Logical Numbers (LNs). The cluster LN is also 

between 0 and 119. In order to renumber the clusters, the DL_PermBase parameter is 

used. 

DL_PermBase is an integer ranging from 0 to 31, which can be indicated by DL_MAP 

for PUSC zones. The clusters are renumbered to LN clusters using the following 

formula 

Cluster logical number = Renumbering sequence (cluster physical number) else  

   = (((Cluster physical number) +13*DL_Permbase) modNclusters) 

where the Renumbering sequence (j) is the jth entry of the following vector: 

 [6, 108, 37, 81, 31, 100, 42, 116, 32, 107, 30, 93, 54, 78,10, 75, 50, 111, 58, 106, 23, 

105, 16, 117, 39, 95, 7,115, 25, 119, 53, 71, 22, 98, 28, 79, 17, 63, 27, 72, 29,86, 5, 

101, 49, 104, 9, 68, 1, 73, 36, 74, 43, 62, 20, 84,52, 64, 34, 60, 66, 48, 97, 21, 91, 40, 

102, 56, 92, 47,90, 33, 114, 18, 70, 15, 110, 51, 118, 46, 83, 45, 76, 57,99, 35, 67, 55, 

85, 59, 113, 11, 82, 38, 88, 19, 77, 3, 87,12, 89, 26, 65, 41, 109, 44, 69, 8, 61, 13, 96, 

14, 103, 2,80, 24, 112, 4, 94, 0]. It should be remembered that, for 2048-FFT, Nclusters 

are 120, so the above vector has 120 elements. 

Step 3: Gather Clusters in Six Major Groups 

The renumbered clusters are then gathered in six major groups, using the LN, as shown 

in Table 3.6. 

Group 0 1 2 3 4 5 

Cluster Index LN 0-23 LN 24-39 LN 40-63 LN 64-79 LN 80-95 LN 96-119 

 

Table 3. 6: Downlink PUSC clusters major groups (2048-FFT OFDMA) 

Step 4: Allocate Subcarriers to Subchannels 

In the downlink PUSC the number of subchannels per OFDMA symbol is 30, 

numbered from 0 to 29. A subchannel is made of 24 data subcarriers, which represents 

the data subcarriers of two clusters. It can be verified that: 60 × 24 = 1440 data 

subcarriers (720 data subcarriers + 60 × 4 pilot subcarriers = 1680 subcarriers). For the 

downlink PUSC, each major group is used separately in order to have a number of 

subchannels; i.e. one subchannel does not have subcarriers in more than one major 

group. In addition, all the subcarriers of one subchannel belong to the same OFDMA 

symbol. 

The pilot and data subcarrier allocations to subchannels are done as follows. The pilot 

subcarriers are allocated first within each cluster, placed as shown in Figure 3.12. In the 

downlink PUSC, there is one set of common pilot subcarriers in each major group. The 

remaining data subcarriers are first renumbered from 0 to 287 or 191 depending on the 
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parity of the major group. Then the subcarriers are allocated within each subchannel 

using the following formula: 

Subcarriers (k, s) = N subchannels*nk+ {Ps [nk mod Nsubchannels] + DL_PermBase} mod 

NSubchannels 

Where NNsuhchanncls is the number of subchannels in the partitioned major group, equal to 

8 or 12. Depending on the parity of the major group; subcarrier (k, s) is the subcarrier 

index of subcarrier k, varying between 0 and 23, in subchannel s, whose value ranges 

between 0 and 287 or 191 depending on the parity of the major group; s is the 

subchannel index varying between 0 and 59, and so  

nk = (k+13s) mod Nsubcarriers 

 where N subcarriers is the number of data subcarriers allocated to a subchannel in each 

OFDMA symbol (= 24 in this case); Ps[j] is the series obtained by rotating the basic 

permutation sequence cyclically to the lefts times, which is given in the following: in 

the case of an odd numbered major group the basic permutation is PermutationBase12, 

while for an even numbered major group it is PermutationBase8. 

Major group(Subchannel group) 0 1 2 3 4 5 

Subchannel range 0-11 12-19 20-31 32-39 40-51 52-59 

   

  Table 5.8: Correspondence between subchannels and major group [4] 

For even numbered major groups, the 24 clusters contain the data subcarriers of 12 

subchannels: 

• 12 × 24 = 288 data subcarriers; 

• 288 + 12 × 4 = 336 (data and pilot) subcarriers. 

For odd numbered major groups, the 16 clusters contain the data subcarriers of 8 

subchannels: 

• 8 × 24 = 192 data subcarriers; 

• 96 + 8 × 4 = 224 (data and pilot) subcarriers.  

Parameters  DL PUSC 

System bandwidth 1.25 5 10 20 

NFFT 128 512 1024 2048 

Number of guard subcarriers 43 91 183 367 

Number of Clusters / subchannles 6 / 3        30 / 15 60 / 30 120 / 60 

Number of used sub carriers(Nused) 85 421 841 1681 

Number of data subcarriers 71 360 720 1440 

Number of pilots (Npilots) 12* 60* 120* 240* 

Number of data subcarriers / subchannel 48 48 48 48 

* Given the maximum value, it is variable 

Table 3. 7: DL distributed subcarrier permutation – PUSC 
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3.6.1.2 Uplink - Partially Used Subchannelization 

For uplink PUSC, subchannels are built based on Tiles (see Figure 3.13). An uplink 

PUSC slot is made of one subchannel over three OFDMA symbols. 

      OFDMA symbol 0  

      OFDMA symbol 1 

      OFDMA symbol 2 

   Pilot subcarrier Data subcarrier 

Figure 3. 13: Uplink PUSC Tile is made of 12 subcarriers. [3] 

 

Parameters  UL PUSC 

System bandwidth 1.25 5 10 20 

NFFT 128 512 1024 2048 

Number of guard subcarriers 31 103 183 367 

Number of tiles 24 102 210 552 

Number of subchannels 4 17 35 92 

Number of subcarriers / tile 4 4 4 3 

Number of used sub carriers(Nused) 97 409 841 1681 

Number of data subcarriers / subchannel 48 48 48 48 

 

Table 3. 8: UL distributed subcarrier permutation – PUSC 

 

3.6.1.3 Downlink Fully Used Subchannelization /  

  Optional PUSC 

The global principle of FUSC (Full Usage of Subchannels) is close to PUSC. The 

difference is that there is no cluster (or tile) partitioning of subcarriers before 

subchannel allocation. Each subchannel subcarrier can be anywhere in the bandwidth. 

In FUSC, the number of pilot and data carriers to be distributed is different from PUSC. 

The number of guard subcarriers + the DC carrier (in the case of 2048 FFT) is173 + 

172 + 1 = 346. Therefore, the number of pilot and data carriers to be distributed is 2048 

− 346 = 1702. 
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There are two constant (2x12) pilot sets and two variable (2x71) pilot sets (depending 

on the OFDMA symbol parity). Each segment uses both sets of variable/constant pilot 

sets. Below table will give the figures about the FUSC and optional FUSC permutations 

Parameters DL - FUSC  / optional FUSC 

System bandwidth 1.25 5 10 20 

NFFT 128 512 1024 2048 

Number of guard subcarriers 22 / 19 86/79 173/159 345 / 319 

Number of used sub carriers(Nused) 106 / 109 426/433 851/865 1703/1729 

Number of data subcarriers 96 384 768 1536 

Number of pilots (Npilots) 9* / 12 42/48 83/96 166/192 

Number of data subcarriers / subchannel 48 48 48 48 

Number of subchannels 2 8 16 32 

Slot size (Subchannels x symbols) 1 x 1 1 x 1 1 x 1 1 x 1 

 

Table 3. 9: DL distributed subcarrier permutation – FUSC and Optional FUSC 

 

  

 

 

 

Figure 3. 14: Illustration of a FUSC subchannel 

For the FUSC mode, a 2048-FFT OFDMA symbol is considered. This symbol is 

divided into 32 subchannels of 48 subcarriers each, thus using all of the 32 × 48 = 1536 

data subcarriers. The data subcarriers are first divided into groups of contiguous 

subcarriers. Then each subchannel is constructed using one subcarrier of each group, as 

shown in Figure 3.14. 

 

 

Group#0, 32 

contiguous 

subcarriers 

Group# i, 32 

contiguous 

subcarriers 

Group#47, 32 

contiguous 

subcarriers 



 

44 | P a g e  

 

 Multihop Concept In Cellular Systems 

 

3.6.2 Adjacent Subcarrier Permutation 

DL and UL - Advanced Modulation and Coding - Optional 

This method uses adjacent subcarriers to form subchannels. When used with fast 

feedback channels it can rapidly assign a modulation and coding combination per 

subchannel. The AMC subchannels enable the use of “water-pouring” types of 

algorithms, and it can be used effectively with an AAS option. 

 

Table 3.10 summarizes the AMC subcarrier allocation parameters. In AMC, pilots are 

mapped as specified below. 

 

Parameters AMC 

System bandwidth 1.25 5 10 20 

NFFT 128 512 1024 2048 

Number of guard subcarriers 19 79 159 319 

Number of used sub carriers(Nused) 109 433 865 1729 

Number of data subcarriers 96 384 768 1536 

Number of pilots (Npilots) 12 48 96 192 

Number of bands 3 12 24 48 

Number of bins/band 4 4 4 4 

Number of subcarriers / bin  (8 data + 1 pilot) 9 9 9 9 

Number of subchannels 2 8 16 32 

 
Table 3. 10: UL/DL adjacent subcarrier permutation (optional AMC) 

 

3.1.1 OFDMA data mapping 

MAC data shall be processed and mapped to an OFDMA Data Region for downlink and 

uplink (figure 3.15) using the defined algorithms followed. 

 

Downlink 

 

• Segment the data after the modulation block into blocks sized to fit into one 

OFDMA slot. 

•  Each slot shall span one subchannel in the subchannel axis and one or more 

OFDMA symbols in the time axis. Map the slots such that the lowest numbered 

slot occupies the lowest numbered subchannel in the lowest numbered 

OFDMA symbol. 
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• Continue the mapping such that the OFDMA 

When the edge of the Data Region is reached, continue the mapping from the 

lowest numbered OFDMA 
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Figure 3. 15: Mapping of OFDMA slots to subchannels and symbols in the Downlink 

 
Uplink 

 

• Segment the data into blocks sized to fit into one OFDMA slot.

• Each slot shall span one or more subchannels in the su

OFDMA symbol in the time axis. Map the slots such that the lowest numbered 

slot occupies the lowest numbered subchannel in the lowest numbered 

OFDMA symbol.

• Continue the mapping such that the OFDMA symbol index is increased. When 

the edge of the UL zone (which is marked with Zone_switch_IE) is reached, 

continue the mapping from the lowest numbered OFDMA symbol in the next 

available subchannel.
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Mapping of OFDMA slots to subchannels and symbols in the Downlink 

and Uplink 

Segment the data into blocks sized to fit into one OFDMA slot.

Each slot shall span one or more subchannels in the subchannel axis and three 

OFDMA symbol in the time axis. Map the slots such that the lowest numbered 

slot occupies the lowest numbered subchannel in the lowest numbered 

OFDMA symbol. 

the mapping such that the OFDMA symbol index is increased. When 

e edge of the UL zone (which is marked with Zone_switch_IE) is reached, 

continue the mapping from the lowest numbered OFDMA symbol in the next 

available subchannel. 
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subchannel index is increased. 

edge of the Data Region is reached, continue the mapping from the 

available symbol. 

Uplink zone 
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Mapping of OFDMA slots to subchannels and symbols in the Downlink 

Segment the data into blocks sized to fit into one OFDMA slot. 

bchannel axis and three 

OFDMA symbol in the time axis. Map the slots such that the lowest numbered 

slot occupies the lowest numbered subchannel in the lowest numbered 

the mapping such that the OFDMA symbol index is increased. When 

e edge of the UL zone (which is marked with Zone_switch_IE) is reached, 

continue the mapping from the lowest numbered OFDMA symbol in the next 
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SECTION SECTION SECTION SECTION 4444    

 

This section fully covers with assumptions and system description for fixing BS, Rs 

and MS in cellular space in concern with SNR ratio too. Close screenshot of OFDM 

symbol utilization for MAC overhead and data transmission and throughput calculation 

scenarios. In the second part of the session simulation results has been analyzed with 

reference to the defined parameters.  

Simulation Environment - Matlab 

4.1 Assumptions and system description 

We consider an 802.16j cell with a coverage area that is mapped into grid points. The 

received data rates depend on the path-loss, cell interference/fading etc. 

 

 

 
 

Figure 4. 1:  Simple Network model with BS, RS and MS 

 

The relay stations are deployed at equal distance from one to other and even from the 

base station also. Relay station must be in the coverage of base station zone with 

highest SNR (>20dB) to support good data rates. The mobile station should be either in 

the coverage of base station or relay station with SNR (>5dB) as shown in the figure 

4.1. 
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4.1.1 Relay node placement algorithm 

• One relay has been placed on the open area with coverage radius of ‘x’ and its 

axis on the space is (x+y, x+y), where ‘y’(y>=x) is constant. 

• 2
nd

 relay has been place at distance of ‘z’ from the center point of 1
st
 relay 

node at (x+y, z) 

• 3
rd

 relay placed at (z, x+y) and 4th at (z, z) shown in figure xx. 

      �� + � � + � � �
� + � � � + � �	 

    If x+y = a (s1j, s2j) = �
 
 � �

 � 
 �	 

 

4.1.2 Base station placement algorithm 

• Base station is placed at the center of all relay station, in such a way that it 

should be in equal distance from all the relay stations (6Km) shown in figure 

4.2. 

 

 

 
 

Figure 4. 2: View of Mobile station, Relay station, Base station scenario 
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4.1.3 Mobile station placement algorithm 

  Fixing MS in the RS space, 

  

  ∑ (��, ��)�
��� ∑ ∑ �� + �, �� + ����

�����
���
�����  Where a-q < o < a+q 

 

  The above algorithm will place the mobile stations in the relay space only, 

  fixing of mobile stations in the base station location can be done by using the 

  same kind of algorithm as used above with few changes, if the position of the 

  base station = [i, j] 

  

  ∑ ∑ �� + �, �� + ��
���

�
���     Where i < o < j 

  Number of mobile stations can be decreased or increased by increasing or  

  decreasing the value of ‘o’ respectively as shown in figure 4.2. 

 

4.1.4 Path loss model 

 The distance between the MS to RS, MS to BS and RS to BS are calculated using 

 path-loss model (Stanford University model which is explained in section 2.3).  

 

4.1.5 SNR calculations 

 SNR of every MS is calculated with respect to BS and all RS, RS to BS (same for all 

 the RS as they are equal distance from BS) is being calculated. 

 N  = KTB,  

 Pr  = Pt (BS or RS)-PLMS (Path-loss model of MS with BS or RS)  

 SNR  = Pr-N  

 where k= 1.381 × 10
-23

 W/Hz/K, T=290K, B=BW in Hz, Pt is transmitted 

 power, N is the Noise represents either only thermal noise when no 

 interference or thermal noise with interference received by other sources and 

 Pr is received signal strength at the receiver.  

 

4.1.6 Mobile linking algorithm 

 The MS will be connected to BS or RS will be purely depend on the resultant SNR 

 value from Source (MS) to destination (BS) as follows  

  If SNRMSBS > SNRMSRS+ SNRRSBS connect to BS 

    else   connect to RS 

  SNRMSBS SNR between MS to BS 
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  SNRMSRS SNR between MS to RS 

  SNRRSBS SNR between RS to BS 

4.1.7 MAC Overhead in Frame 

FUSC permutation has been used for downlink and partially used subchannelization for 

uplink, the realistic values for available data carriers printed in table 4.1 

 

Parameters DL - FUSC UL - PUSC 

System bandwidth 10 20 10 20 

NFFT 1024 2048 1024 2048 

Number of guard subcarriers 173/159 345 / 319 183 367 

Number of data subcarriers 768 1536 720 1440 

 
Table 4. 1: DL-FUSC and UL-PUSC distribution 

 

To simplify the calculations i assumed total no of available data carries 768 (10MHz) / 

1536 (20 MHz) for both downlink and uplink. 

 

Parameter Figures 

BS coverage area (Mtrs) 3000 

RS coverage area (Mtrs) 700 

BS -RS distance (Mrts) 4000 

RS - RS distance (Mrts) 6000 

Number of BS 1 

Number of RS 4 

Number of MS 30 

Operating frequency (GHz) F 5 

Channel Band width (MHz) BW 10.00 20.00 

Frame duration (ms) T 20 

Sampling frequency  (MHz) Fs = (28/25)*BW 11.20 22.40 

Sample time (µs) ts = 1 / Fs 0.09 0.04 

FFT size N 1024 2048 

Subcarrier spacing (KHz) Δf = Fs / N 10.94 10.94 

Useful symbol time (µs) Tb = 1/f 91.43 91.43 

Guard time (µs) Tg = Tb/8 11.43 11.43 

OFDMA symbol time (µs) Ts=Tb + Tg 102.86 102.86 

Number of OFDM symbols in 20ms frame 194 194 

Number of data subcarriers Ndata 768 1536 

BS transmit power (dBm) Pt 40 

RS transmit power (dBm) PtRS 37 

BS height (Mtrs) 30 

RS height (Mtrs) 26 

MS height (Mtrs) 2 
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Noise (dBm) -103.97 -100.90 

 
Table 4. 2: Simulation parameters 

 

Overhead information is calculated in accordance with available OFDM timeslots in a 

single timeframe for different BW and NFFT as per the values shown in the table 4.2 and 

the all further calculations and assumptions are based on this table only. 

 

   As a case of example: NFFT=2048 with BW = 20MHz will give total no 

   of available OFDM in a single 20ms frame are 194. Out of 194  

   symbols, 

    

 

Overhead OFDM symbol utilization 

Parameter Base Station Per single Relay Station 

DL Preamble 1 * 

Frame Control Header 2 2 

R_RTG 2 * 

R_TTG 2 * 

TTG 1 * 

RTG 1 * 

UL In range Slot 8 * 

1. (figure 3.7)  OFDMA frame structure 

2. In the above table assumed at least one RS is connected to BS with 1 MS in each 

3. * RS will use the same resources which is dedicated to BS or 1st RS 

 

Table 4. 3: Overhead MAC information Non – Transparent Mode 

 

4.1.8 OFDM symbol allocation for data: 

The available OFDM symbols for data transmission is obtained from the result of  

OFDM Data symbols = OFDM symbols in one Frame – OFDM Overhead (BS and RS) 

 

4.1.9 Throughput calculation 

 System capacity is mostly depends on the modulation type and coding rate that can be 

 applied to single SSs (according to received SNR). MAC overhead symbol impact on 

 overall throughput is neglected as it is very low. The system capacity to requested 

 capacity can be estimated by equation follows, 

 

Total OFDM for BS data and total OFDM for (BS+RS) data represents how many OFDM 

symbols are required to transfer given nominal bitrates for all connected MS. The 
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system is able to meet its requirement as long as the System capacity to requested 

capacity is higher than one. 

 

 

 

4.1.9.1 In absence of RS 

����  !
"
!#�� �� $�%&���' !
"
!#�� = 
()*�+ ,-./ 0)1 23 4�*�

,-./(23)  

 

The OFDM (BS) can estimated from the following formula 

 

5678(9�) =  9#�:
�� ∗ <�6 ∗ ∑ (8���9�#=
��> /@"#) 

 

Bitrate is the nominal bit rate in bits, LoF is the frame duration in seconds, MStoBsi 

represents the no of MS’s that use individual modulation type and coding rate and 

finally bpsi express how many bits can be allocated to one OFDM symbol shown in 

table (insert bit rate table) 

9#�:
��  =  
,-./(23)

A)-∗∑ (/3*)23�B
CDE /FGH�) 

 

4.1.9.2 In presence of RS 

����  !
"
!#�� �� $�%&���' !
"
!#��  = 
()*�+ ,-./ 0)1 (23�I3) 4�*�

,-./(I323)  

 

 

5678($�9�)= 9#�:
�� ∗ <�6 ∗ ∑ (8���$�#=
��> /@"#) + ∑ (8���9�$��

=
��> /

                                  @"#) + �
FGH ∑ (8���$�#=

��> ) 

 

Where MStoRSi is the quantity if MS connected to RS and MStoBSRSi means to be 

connected MS to BS when RSs are transmitting. The last term in formula bps is the 

transmission between the BS and RS and so bps express the quantity of bits that can 

be allocated to one OFDM symbol (depends on RS-BS link quality) 

 

9#�:
��= 
,-./(I323)

A)-∗∑ (/3*)I3�B
CDE /FGH�)� ∑ (/3*)23JKCB

CDE /FGH�)� L
MNO ∑ (/3*)I3�B

CDE ) 

 

 This process is repeated until the end of simulation when the outputs of the simulation 

 are obtained by means of results and graphs. 
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4.2 Simulation result analysis 

4.2.1 Signal to Noise Ratio 

As a known factor always data dates will be improved with the increment of system 

SNR. In case of relay station addition to BS coverage zone, the resultant SNR at MS 

w.r.t to BS or RS is shown excellent figures in figure 4.3. 

 

 

 

Figure 4. 3: SNR variation with the addition of RS to BS zone 

 

After introducing RS, out of 30 MS’s, 18 MS’s are linked to RS’s to with good SNR at 

a high value of 40dB with few Ms’s, and this will results direct impact on the 

throughput which will discussed in the coming pages. 

 

4.2.2 Over head MAC utilization 

We are going loose few data resources for over head information transmission as it 

required for establishing communication between two systems which is not avoidable, 

but can be seen reduced in terms of % if we compare with full available system 

resources.  Here in the case of 20MHz the % Mac frame utilization is 6 and 10 for BS 

and BS + RS, and the addition of each RS will take 2% Mac for overhead. If we 

Mobile station identity 
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compare only BS Mac consumption at 10MHz is very high than 20MHz in terms of % 

with total available data resources. The more the bandwidth higher the saving which 

can seen of figure 4.4. 

 

 
 

Figure 4. 4: MAC % utilization for overhead information 
 

4.2.3 Throughput  

Throughput can be the one of figure merit indicator for overall system performance. 

With reference to the figure 4.5 it’s clearly visible that with the introduction of RS in 

the BS coverage zone the peck throughput value has been touched almost 31Mbps from 

14Mbps per single MS, which is almost 120% from the bottom line. When the second 

MS is added it will reduced to half and going down with the addition of new MS’s. 

Apart from the peak bit rate to single MS, 29 out 30 MS are served above the bit rate of 

1Mbps in the presence of relay station. 
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Figure 4. 5: System throughput @ 20MHz channel bandwidth 

 

 

Figure 4.6 indicates the system throughput at 20MHz and 10 MHz as a case to 

compare. The peak output is 31Mbps @ 20MHz and 14 Mbps @ 10MHz clearly 

indicating data rate is directly proportional to the bandwidth, so higher data rates at 

higher bandwidth. 

 

 
Figure 4. 6: System throughput @ 20 and 10MHz channel bandwidth 

 

 

4.2.4 System capacity / Requested capacity 
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Figure 4.7 shows system behaviour when nominal bit rate is set to 1 Mbps and the 

number of SSs is increasing. Only 20 MHz channel size was taken into consideration. 

On y-axis, the rate of the system capacity to the requested capacity is computed and 

capacity limit is denoted by the number 1 on y-axis. If the curve is above the line 1, the 

free resources are still available and more users can use given nominal bit rate. In 

opposite, some restrictions have to be applied to support more users. Expectably, the 

system performance with RSs is better, e.g. nominal bit rate 1 Mbit/s can be applied up 

to 21 users against 15 users for system without RSs out of 30 MS’s, its almost 40% 

improvement before congestion occurs. 

Other important standpoints that must be taken into account is the height and the 

transmit power of RSs. The main reason is to avoid of co-channel interference and 

eventually also disturbance into adjacent channel. How the performance of the system 

is affected by adjustment of these parameters is shown in figure 4.8. 

 

 
 

Figure 4. 7: System capacity / requested capacity @ 1 Mbps Bit rate/user 
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Figure 4. 8: System capacity/requested capacity @ 1 Mbps/user with reduced RS 

antenna height and transmitting power 
 

It is plain that lowering of RS antenna height as well as reduction of its transmitted 

power has a great impact on the system performance. This is mainly caused by two 

facts namely  

i) RS area coverage is decreased  

ii) The link between RS and BS is largely degraded. It could be 

observed that especially results with RS antenna height 20 m 

above the ground are almost comparable to scenario where no 

RSs were introduced and RS transmitting power is reduced 

from 37dBm to 30dBm. 

    

SECTION 5SECTION 5SECTION 5SECTION 5    

 

Conclusions and Future work 

5.1 Conclusions 

This paper analysed the performance of Multihop cellular system when Relay stations 

are employed. It has been clearly observed that several aspects need to consider gaining 

good figure of merit like, RS antenna height and transmitting power, channel 

bandwidth and data rate improvement with respect to SINR. 
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With reference to simulation results, the throughput has shown good numbers after the 

addition of relay station to base station coverage, even system capacity also increased, 

and SNR is improved tremendously. All this parameters are very influenced with 

antenna height and transmit power of relay station.  

 

In the end, the results demonstrate that higher channel size is will reap good results of 

RSs, with the lower channel size most of the OFDM symbols in MAC will be utilised 

by overhead(RS-BS communication) only. Especially in the case where channel size is 

10MHz, if we reduce it channel size we can expect how it show impact and the same 

applies even to frame duration also. But this is not the case with higher bandwidth 

(20MHz or >), where maximum percentage of OFDM symbols used for data. 

 

5.2 Future Work 

In this paper multihop has been done with the help of fixed mobile relay station, and it 

can extendable as by treating each user or mobile station as relay station to multihop.  

 

As scalability this paper only describes with two different channel bandwidths only, 

and can be performed with more channels and scalable number of carriers and frame 

sizes. 

 

All the mobile stations in this paper are fixed even can observe how it behaves with 

mobility. 

 

Designing the relay station in transparent mode, where relay station coordinated to 

mobile station with its own intelligence. 

DefinitionsDefinitionsDefinitionsDefinitions    

1.1  Adaptive modulation: A system’s ability to communicate with another system using 

 multiple burst profiles and a system’s ability to subsequently communicate with 

 multiple systems using different burst profiles. 

 

1.2  Bandwidth stealing: The use, by a subscriber station (SS), of a portion of the 

 bandwidth allocated in response to a Bandwidth Request for a connection to send 

 Bandwidth Request for any of its connections. 

 

1.3  Base station (BS): Generalized equipment set providing connectivity, management, and 

 control of the subscriber station (SS).  

 

1.4  Neighbour BS: For any mobile station (MS), a neighbour BS is a base station 
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 (BS) (other than the serving BS) whose downlink transmission can be received by  the 

 mobile station (MS). 

 

1.5  Serving BS: For any mobile station (MS), the serving BS is the base station 

 (BS) with which the mobile station (MS) has most recently completed registration  at 

 initial network-entry or during a handover (HO). 

 

1.6  Target BS: The base station (BS) that a mobile station (MS) intends to be registered  with 

 at the end of a handover (HO).  

 

1.7  Active BS: An active BS is informed of the mobile station (MS) capabilities, 

 security parameters, service flows and full MAC context information .For macro

 diversity handover (MDHO), the mobile station (MS) transmits/receives data 

 to/from all active BSs in the diversity set. 

 

1.8  Basic connection: Connection that is established during subscriber station (SS) initial 

 ranging and used to transport delay-intolerant medium access control (MAC) 

 management messages. 

 

1.9  Broadband: Having instantaneous bandwidths greater than around 1 MHz and 

 supporting data rates greater than about 1.5 Mb/s. 

 

1.10 Broadband  wireless  access  (BWA):  Wireless  access  in  which  the  connection(s)  

 capabilities  are broadband. 

 

1.11 Burst profile: Set of parameters that describe the uplink or downlink transmission 

 properties associated with an interval usage code. Each profile contains parameters 

 such as modulation type, forward error correction (FEC) type, preamble length, 

 guard times, etc. See also: interval usage code.  

 

1.12 DC subcarrier: In an orthogonal frequency division multiplexing (OFDM) or 

 orthogonal frequency division multiple access (OFDMA) signal, the subcarrier whose 

 frequency would be equal to the RF center frequency of the station.  

 

1.13 Downlink: The direction from the base station (BS) to the subscriber station (SS).  

 

1.14 Downlink burst transition gap (DLBTG): Gap included on the trailing edge of each 

 allocated downlink burst so that ramp down can occur and delay spread can clear 

 receivers. 

 

1.15 Downlink channel descriptor (DCD): A MAC message that describes the PHY 

 characteristics of a downlink channel.  

 

1.16 Downlink map (DL-MAP): A MAC message that defines burst start times for both 
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 time division multiplex and time division multiple access (TDMA) by a subscriber 

 station (SS) on the downlink. 

 

1.17  Fixed wireless access: Wireless access application in which the location of the base 

 station (BS) and subscriber station (SS) are fixed in location during operation.  

 

1.18 Frame: A structured data sequence of fixed duration used by some PHY 

 specifications. A frame may contain both an uplink subframe and a downlink 

 subframe. 

 

1.19  Frequency division duplex (FDD): A duplex scheme in which uplink and downlink 

 transmissions use different frequencies but are typically simultaneous. 

 

1.20 Frequency  offset  index:  An  index  number  identifying  a  particular  subcarrier  in  

 an  orthogonal frequency  division multiplexing  (OFDM)  or  orthogonal frequency  

 division  multiple access  (OFDMA) signal, which is related to its subcarrier index. 

 Frequency offset indices may be positive or negative. 

 

1.21  Initial ranging connection: A management connection used by the subscriber station 

 (SS) and the base station (BS) during the initial ranging process. The initial ranging 

 connection is identified by a well-known connection identifier (CID) that CID is 

 defined as constant value within the protocol since an SS has no addressing 

 information available until the initial ranging process is complete. 

 

1.22 Node: A term associated with a mesh network station. A node, due to the nature of 

 mesh, may behave as a BS, SS, or both, and will generate and forward data to other 

 nodes.  

 

1.23 Physical slot (PS): A unit of time, dependent on the PHY specification, for allocating 

 bandwidth 

1.24 Point to point (PtP): A mode of operation whereby a link exists between two network 

 entities. 

 

1.25 Primary management connection: A connection that is established during initial 

 subscriber station (SS) ranging and used to transport delay-tolerant medium access 

 control (MAC) management messages.  

 

1.26 Protocol data unit (PDU): The data unit exchanged between peer entities of the same 

 protocol layer. On the downward direction, it is the data unit generated for the next 

 lower layer. On the upward direction, it is the data unit received from the previous 

 lower layer (see Figure 2). 

 

1.27 BS receive/transmit transition gap (RTG): A gap between the last sample of the uplink 

 burst and the first sample of the subsequent downlink burst at the antenna port of the 
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 base station (BS) in a time division duplex (TDD) transceiver. This gap allows time for 

 the base station (BS) to switch from receive to transmit mode. During this gap, the BS 

 is not transmitting modulated data but simply allowing the BS transmitter carrier to 

 ramp up, and the transmit/ receive (Tx/Rx) antenna switch to actuate, Not applicable 

 for frequency division duplex (FDD) systems. 

 

1.28 Relay station: Intermediate node that receive data from source and forward to destination 

 , here source and destination are BS and MS vice versa  

 

1.29 Service data unit (SDU): The data unit exchanged between two adjacent protocol 

 layers. On the downward direction, it is the data unit received from the previous higher 

 layer. On the upward direction, it is the data unit sent to the next higher layer.  

 

1.30 SS Rx/Tx gap (SSRTG): The SSRTG is the minimum receive to transmit turnaround 

 gap. SSRTG is measured from the time of the last sample of the received burst to the 

 first sample of the transmitted burst, at the antenna port of the SS. 

 

1.31 SS Tx/Rx gap (SSTTG): The SSTTG is the minimum transmit to receive turnaround 

 gap. SSTTG is measured from the time of the last sample of the transmitted burst to the 

 first sample of the received burst, at the antenna port of the SS.  

 

1.32 Subcarrier index: An index number identifying a particular used subcarrier in an 

 orthogonal frequency division multiplexing (OFDM) or orthogonal frequency division 

 multiple access (OFDMA) signal. Subcarrier indices are greater than or equal to zero. 

 

1.33 Subscriber station (SS): Equipment set providing connectivity between  subscriber 

 equipment and a base station (BS).  

 

1.34 Time division duplex (TDD): A duplex scheme where uplink and downlink 

 transmissions occur at different times but may share the same frequency.  

 

1.35 Time division multiple access (TDMA) burst: A contiguous portion of the uplink or 

 downlink using PHY parameters, determined by the Downlink Interval Usage Code 

 (DIUC) or Uplink Interval Usage Code (UIUC) that remain constant for the duration of 

 the burst. TDMA bursts are separated by preambles and are separated by gaps in 

 transmission if subsequent bursts are from different transmitters.  

 

1.36 Time division multiplexing (TDM) burst: A contiguous portion of a TDM data 

 stream using PHY parameters, determined by the Downlink Interval Usage Code 

 (DIUC) that remain constant for the duration of the burst. TDM bursts are not 

 separated by gaps or preambles.  

 

1.37 BS transmit/receive transition gap (TTG): A gap between the last sample of the 

 downlink burst and the first sample of the subsequent uplink burst at the antenna port 
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 of the base station (BS) in a time division duplex (TDD) transceiver. This gap allows 

 time for the base station (BS) to switch from transmit to receive mode. During this 

 gap, the BS is not transmitting modulated data but simply allowing the BS 

 transmitter carrier to ramp down the transmit / receive (Tx/Rx) antenna switch to 

 actuate, and the BS receiver section to activate. Not applicable for frequency 

 division duplex (FDD) systems.  

 

1.38 Uplink: The direction from a subscriber station to the base station (BS). 

 

1.39 Uplink  channel  descriptor  (UCD):  A  medium  access  control  message  that  

 describes  the  PHY characteristics of an uplink. 

 

1.40 Uplink interval usage code (UIUC): An interval usage code specific to an uplink. 

 

1.41 Uplink map (UL-MAP): A set of information that defines the entire access for a 

 scheduling interval. 

 

1.42 RS frame: Frame structure for DL transmission/UL reception by RS. 

 

1.43 DL access zone: A portion of the DL sub-frame in the MR-BS/RS frame used for MR-

 BS/RS to MS or transparent RS transmission 

 

1.44  UL access zone: A portion of the UL sub-frame in the MR-BS/RS frame used for MS 

 to MR-BS/RS transmission 

 

1.45 DL relay zone: A portion of the DL sub-frame in the MR-BS/RS frame used for 

 MR-BS/RS to RS transmission 

 

1.46 UL relay zone: A portion of the UL sub-frame in the MR-BS/RS frame used for RS 

 to MR-BS/RS transmission 

 

1.47 Access link: An 802.16 radio link that originates or terminates at an MS. The access 

 link is either an uplink or downlink as defined in IEEE Std. 802.16-2004 and IEEE Std. 

 802.16e-2005. 

 

1.48 Relay link (R-link): An IEEE Std. 802.16j radio link between an MR-BS and a RS or 

 between a pair of RSs. This can be a relay uplink or downlink. 

 

1.49 RS receive/transmit transition gap (RSRTG): A gap between the last sample of the 

 uplink burst in access zone and the first sample of the subsequent uplink burst in relay 

 zone at the antenna port of the relay station (RS) in a time division duplex (TDD) 

 transceiver. This gap allows time for the relay stations (RS) to switch from receive to 

 transmit mode. Not applicable for frequency division duplex (FDD) systems. 
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1.50 RS transmit/receive transition gap (RSTTG): A gap between the last sample of the 

 downlink burst in access zone and the first sample of the subsequent downlink burst in 

 relay zone at the antenna port of the relay station (RS) in a time division duplex 

 (TDD) transceiver. This gap allows time for the relay stations (RS) to switch from 

 transmit to receive mode. Not applicable for frequency division duplex (FDD) systems. 

 

1.51 R-RTG: RS receive/transmit transition gap between a received mode access zone or 

 relay zone and a transmit mode access or relay zone in an RS frame. It shall be an 

 integer number of OFDM symbols. R -RTG = OFDM Symbol Unit (RSRTG+ (RTD) ⁄2) 

 

1.52 R-TTG: RS transmit/receive transition gap between a transmit mode access or 

 relay zone and a receive mode access or relay zone in an RS frame. It shall be an 

 integer number of OFDM symbols. 

  R –RTG= {OFDM Symbol Unit (RSTTG - (RTD) ⁄2) if  RTD ⁄ 2 < RSTTG 

    0    if  RTD ⁄ 2 > RSTTG} 

 

1.53 Non-transparent RS: A non-transparent RS transmits DL frame-start preamble, FCH, 

 DL-MAP/UL-MAP and DCD/UCD. 

 

1.54 Transparent RS: A transparent RS does not transmit DL frame-start preamble, FCH, 

 DL-MAP/UL-MAP, and DCD/UCD. 

 

1.55 Multihop relay base station (MR-BS): A generalized equipment set providing 

 connectivity, management, and control of relay stations. See also: base station (BS), 

 relay station (RS). 
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