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Abstract – The first part of this research focuses on 

designing of microstrip ultra-wideband (UWB) printed 

antenna. The design is presented to cover the "UWB 

frequency range (3.1-10.6 GHz)" and operates as a filter for 

pulses carried by spread spectrum along 7.5 GHz. As there are 

many challenges toward the development of wireless systems 

and one of these challenges is the system size. Spanner-shaped 

patch antenna was designed to transmit or receive the pulses 

over this frequency band. The small and high gain antenna of 

30 mm x 28 mm dimensions was simulated by using CST EM 

simulation tool. This tool is utilized to get very accurate 

simulated results for return loss (S11) and omni-directional 

radiation patterns to be suitable many around users. The 

second part of this work is to implement structure for 

transmitted reference (TR) receiver operating in UWB 

technology. This receiver was presented to reduce the 

complexity of rake receiver structure and to decrease the 

effect of indoor or outdoor noises. Moreover modern era of 

communication wireless systems is generally designed to adapt 

transmission parameters dynamically. Such adaptations are 

done based on estimation of channel statistics and the measure 

of Rayliegh K-factor is one of such statistics. This factor is 

playing a vital role influencing the bit error rate (BER) and 

spectral efficiency through "line-of-sight (LOS) and non-line-

of-sight (NLOS)" wireless propagation. The second part of 

this work focuses on analytical computation of Rayliegh K-

factor of multi-clustered propagation channel models 

including antenna gain patterns. From simulation results, 

channel capacity and BER are affected by the SNR links due 

to variation of Rayliegh K-factor. 
 

Keywords – Rayliegh K-factor, Transmitted Reference 

Receiver, UWB Small Antenna, Probability of Bit Error, 

Indoor Channel Impulse Response.  

 

I. INTRODUCTION 
 

Ultra-wideband (UWB) technique is used in reception or 

transmission systems to make sure high data rate capacity 

and covering many users in the same time. Rake receiver 

with many fingers (correlators) was proposed to improve 

the consumption power. In this receiver, channel estimation 

and pulse shape generation are needed for accurately 

detection and take full advantage of multi-path diversity. To 

reduce the complexity of this technique, TR receiver was 

found to avoid the detection complexity by canceling the 

channel estimation and pulse shape generation processes at 

the receiver and decreasing the bit error rate (BER) which 

is related to signal to noise ratio (SNR). So that, TR 

structure is simplified and suitable for now a day 

applications of wireless data rate systems such as sensor 

networks and local area network (LAN). The UWB (7.5 

GHz) pulses have low power consumption (-41.3 

dBm/MHz) passing through outdoor or indoor channel 

models. In this work, we concentrate on indoor propagation 

and simulate the process through LOS channel model 

(CM1) and NLOS channel model (CM2) which are 

represented by [1]. To go through the literature review of 

using TR technique, generalized TR receiver has been 

proposed by [2] and SNR was gained to be 4.2 dB. Another 

optimize one was proposed by [3] to get 4 dB optimized 

gain with energy allocation between reference symbols and 

data symbols. Ref. [4] represents more sensitive TR 

receiver than rake receiver to SNR but it is less sensitive to 

the synchronization error. Frequency shifted TR receiver 

was enhanced by [5] with code shifted reference and the 

results were suitable up to two users. Optimal TR receiver 

scheme was simulated by [9] with two correlators in the 

coal mine road way channel model and the simulation 

results show decreasing in the interference between many 

received signals through two fingers. 

At the modern technology, low cost, high gain antenna, 

and small size are the important requirements for 

transmission or reception systems. So for these reasons, the 

research goal is to design small size antenna for several 

applications such as commercial and military. This antenna 

should be covering the UWB frequency range to be more 

suitable in applications of wireless systems to make free 

users from wires and multiple device can be connected. 

The size of the proposed antenna was reduced for 

reliability usage and to be more comfortable in wireless 

devices of -41.3 dBm/MH UWB power consumption. There 

are several published UWB antenna designs such as 

rectangular patch radiator of 47 mm x 36 mm dimensions 

using RF-4 substrate material [6] and diamond patch 

radiator of 36 mm x 46 mm dimensions [7] to cover 95 % 

of UWB frequency range. Also another design for printed 

antenna of multiple fractal slots of 45 mm x 25 mm 

dimensions was implemented in [8] with vibrated or 

unstable radiation patterns. In addition, a compact 

microstrip patch antenna was proposed in [9] with total size 

of 40 x 35 x 1.575 mm3 and from the simulation results, the 

gain reduces at higher frequencies due to increasing the 

losses in the feed line. 

The last part of this work is to calculate the Rayliegh K-

factor through indoor multi-path propagation between 

transmitter (Tx) and receiver (Rx) to be correlated with other 

channel parameters like delay spread, azimuth spread, and 

shadow fading. By Friis equation [10], the connection 

between the proposed antenna and the receiver was done to 

estimate the LOS power and the NLOS power. Generally 

the K-factor is added to the first term, however, when the 

antenna gain and power azimuth spectrum (PAS) of the 

clusters are considered for a particular link. So that, the 

suggested Rayliegh K-factor is an important parameter as it 

affects several channel statistics such as probability density 

function (PDF) and channel correlation of signal to noise 
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ratio (SNR) [11]. These channel statistics are required to get 

the theoretical or calculated of channel capacity, bit error 

rate (BER), and outage probability. Here we show that LOS 

and NLOS channel models are based on multi clusters and 

directive gains through specific PAS. These models also 

capture the use of directive antennas at Tx and Rx and 

generating rays that arrive at random time delays with 

random power which give rise to analytically intractable 

performance analysis, thereby encouraging simulation 

based evaluation.  

The rest of this research is organized as follows: section 

II represents the generation and modulation of TR signals, 

section III describes design of printed UWB antenna, 

section IV shows indoor wireless channel models, section 

V gives the simulation results and their discussions of 

proposed antenna, section VI modifies the TR receiver 

model, section VII shows the simulation results of TR 

receiver, finally, section IIV concludes the paper. 

 

II. TR MODULATION AND TRANSMISSION 

SIGNAL 
 

TR modulation technique has been introduced in the field 

of UWB communication technology for its robust 

performance and simplicity in multipath channels to 

support the requirement of pulse detection technique [12]. 

In this work, special attention was paid for TR modulation 

over other digital modulation schemes because of the 

advantage of reducing the receiver complexity and lately 

playing important rule in UWB wireless communication. 

TR modulation can be defined as the transmission of pair or 

doublets separated in time pulses. The first pulse is 

unmodulated and does not carry data that is called reference 

pulse and after delay time (D), this pulse is followed by 

second modulated one with data which is known as transmit 

pulse or data pulse. As shown in Figure 1, reference and 

data pulses of same polarity designate a binary 1 while a 

data pulse opposite the reference pulse in polarity 

represents binary 0. 

 

 
Fig. 1. TR pulse modulation (a) data bit 1 symbol (b) data 

bit 0 symbol 

 

As the TR modulation was considered, information bit 

are generated randomly by binary source in the transmitter 

in the form of the Gaussian pulses and the Gaussian 

function {g (t)} with its second derivative are shown bellow 

[13],  
2( )

( )

t

g t Ae 


  (1) 

Where A is defined as a factor to maintain the energy of 

generated signal after each deviation and 𝜏 defines the pulse 

duration. 
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Generally, the signal model [S (t)] for TR modulated and 

unmodulated pulses can be expressed bellow where the first 

term is reference pulse and the second term is data pulse. 
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Where P(t) is UWB pulse, M defines the number of 

transmitted random bits, T is the pulse repetition period, bm

 [0, 1], and D is delay time between pulses.    

 

III. PROPOSED SPANNER-SHAPED ANTENNA 

 

In wireless systems using UWB techniques, short pulses 

of time duration less than one nanosecond and transmission 

power about -41.3 dBm/MHz are used in indoor space to go 

through walls. These low power consumption and high bit 

rate of transmission data are required by most of users to 

coverage a large of working area. As the modern 

requirements for small wireless systems such as routers or 

mobile systems, small printed antenna design is one of 

wireless system parts to cover small room in the system. 

Therefore, spanner-shaped antenna was proposed to be very 

suitable in this system and simulated by using CST software 

as shown in Figure 2. So that, this printed antenna should 

be used to cross over the wireless challenges by having high 

gain or less reflection coefficient for reception power. The 

proposed microstrip antenna is shown in Figure 2 with all 

dimensions was designed to cover the UWB frequency 

range and to enhance the performance of large conventional 

microstrip antenna. In the proposed shape, there are many 

steps are used to get better impedance matching or optimize 

the antenna performance. These steps are: Taconic TLY-5 

substrate material of 1.575 mm thickness was chosen for 

lightweight and low cost, relative permittivity of this 

material is εr = 2.2 of very low tangent loss value, the patch 

radiator dimensions are 16 mm x 14 mm with thickness of 

0.035 mm was selected to be printed, and rectangular notch 

cut from radiator of 8 mm x 10 mm dimensions was used to 

make spanner-shaped patch or to reduce the quantity of 

copper used. The upper corners of the patch radiator are 

curved with radius of 8 mm to increase the radiation area 

and to extend the band of frequency coverage. The lower 

radiator corners are curved with radius of 2 mm to exhibit 

omni-radiation characteristics. The ground plane was 

partially printed over dimensions of 11.75 mm x 30 mm and 

making unprinted gap of 0.25 mm to control the impedance 

stability. Next, the microstrip line feeder of 12 mm x 5 mm 

dimensions is feeding to the patch radiator with 50 Ω 

connector input impedance to optimize the radiation 

performance. This microstrip feeder is printed on the front 

side of the substrate material and fractional bandwidth (FB) 

can be calculated by applying equation (1). The higher FB 

values (more than 100 %) indicate improved performance 

for the spanner-shaped patch antenna.  
( )
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1
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U L

U L
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Where FU is the upper frequency and FL is the lower 

frequency of UWB frequency range.  
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Fig. 2. The proposed antenna dimensions. 

 

IV. INDOOR WIRELESS CHANNEL MODEL 

 

After generation, a sequence of modulated pulses are 

transmitted over LOS through CM1and NLOS through 

CM2 of up to 15 meters range. These indoor wireless 

channel models were proposed by IEEE 802-15-3aat indoor 

propagation with updated values of channel parameters and 

the antenna configuration is shown in Figure 3. In civilized 

building and objects, signals reach receptor (Rx) from the 

sender (Tx) on different paths. Because of several or 

multipath components, Rayleigh constrains the total signal 

at the recipient and can change the probability intensity 

function (PR (r)) of Rayleigh fading channel.  
2

2 2
( ) exp( )

2
R

r r
P t

 
  (5) 

Where r is the space range between Tx and Rx and   is 

the standard deviation of the corresponding probability 

density function. In this work we consider a typical system 

as shown in Fig. 3 and assuming the Tx antenna with gain 

of GTx and Rx antenna with gain of GRx are located in 

acceptable range. The signal from Tx reaches the Rx through 

several clusters (k-th cluster), rays (l-th ray) from clusters 

arrive at Rx following power azimuth spectrum as 

prescribed by specific channel models. The Tx and Rx use 

the proposed of high gain antennas and the channel is based 

on modified Saleh-Vanenzuela (SV) model [14]. Assuming 

that the wireless channel is time-invariant through the 

indoor transmission process, so that, the indoor channel 

impulse response {h (t)} using log-normal shadowing is 

modeled bellow as reviewed in [15]. 

, ,

0 0

( ) ( )

K L
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k l
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Where K is Rayleigh factor, αk,l defines gain coefficients 

of  the multi-path at k-th cluster within the l-th multipath 

rays, Tk = arrival time of the k-th cluster, PLOS is power of 

LOS ray, L is number of rays, K is number of clusters, 𝜹 is 

the TR modulation index, and "τk,l is delay time of k-th 

cluster path within the l-th ray". In attendance of PLOS in 

LOS ray and PNLOS which is the sum of the powers all the 

NLOS clusters, Rayleigh K-factor is identified as, 

LOS

NLOS

P
K

P


 
(7) 

To calculate the Rayleigh K-factor, we first find the total 

power gain (Ptotal), which can be found by summing up the 

individual powers of all multi-path components as [16], 

2 ( , )total LOS Tx Rx Tx Rx LOS NLOSP KP G G k l G G P P     (8) 

LOS LOS Tx RxP KP G G  (9) 

2 ( , )NLOS Tx RxP k l G G  (10) 

 

Where 2 is the mean value of power gain of the l-th ray 

of the k-th cluster follows the exponential rule in the 

wireless channel. Multipath gains are independent on 

channel coefficients that used to mitigate the effect of space 

dissipation or path loss on UWB spreader signals. Hence, at 

the input of TR proposed receiver, the wireless received 

signal {r (t)} is given by: 

( ) ( ) ( ) ( )r t S t h t n t    (11) 

where  denotes the convolution between channel impulse 

response (h(t)) and transmitted signal and n(t) is the 

"additive white Gaussian noise (AWGN)". 

 

 
Fig. 3. Antenna configuration. 

 

V. DISCUSSION FOR RESULTS OF ANTENNA 

DESIGN 

 

The simulation results of return loss (S11) versus 

frequency are shown in Figure 4 using CST software in 

antenna design and process simulation running using FR-4 

substrate material. Less than -10 dB return loss indicates 

that the antenna is suitable to transmit or receive 

electromagnetic waves carried by UWB frequency range 

which is from 3.1 GHz up to 10.5 GHz. So that, the antenna 

design covers UWB bandwidth (7.5 GHz) with stable 

behaviors and no ripples along the frequency range. Also 

from return loss characteristics, there are two resonant 

frequencies appeared for extension the operating bandwidth 

and making most of the antenna surface is good for 

reception or transmission wave propagation. These resonant 

frequencies are 4.5 GHz and 8.5 GHz with S11 = -25 dB. 

The antenna design was simulated three times for three 

different gap dimensions of 1 mm, 1.5 mm, and 2 mm to get 

the optimized feed gap dimensions between lower edge of 

radiator and ground plane. The frequency range is getting 

wider at 1 mm gap to cover all UWB bandwidth with 

resonant frequencies at return loss of -20 dB and -25 dB. 

While those at gap of 1.5 mm are -22 dB and -35 dB and at 

gap of 2 mm are -23 dB and -34 dB. Fractional bandwidth 

can be calculated by applying equation (1) to get the 

optimized percentage value such as 96 % at 2 mm, 100 % 

at 1.5 mm, and 111 % at 1 mm. The radiation characteristics 

are investigated for the proposed antenna to obtain the 

radiation patterns in elevation E-plane and azimuth H-
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plane. Figure 5 illustrates the simulated H-plane and E-

plane radiation patterns at resonant frequency of 8.5 GHz 

with Phi equals to 0o and Theta equal to 90o. Generally, all 

the antenna radiation patterns at 8.5 GHz in both planes are 

omni-directional patterns that mean, the proposed spanner-

shaped radiator is suitable for several applications such as 

halls, reception rooms, hospitals, factories, and large 

buildings. 

 

 
Fig. 4. Characteristic of reflection coefficient at different 

feed gap depth. 

 

 
(a) 

 

 
(b) 

Fig. 5. Omni-directional radiation patterns for spanner-

shaped patch at resonance frequency of 8.5 GHz with Phi 

and Theta equal to 0o and 90o (a) E-plane, (b) H-plane. 

VI. THE TR RECEIVER MODEL 
 

In presence of channel distortions, there are several 

indoor obstacles such as reflections, diffractions, and 

scattering weaken the received signal and making expected 

errors in required bits. The TR receiver structure with 

demodulation scheme is shown in Figure 6 and the received 

signals are correlated with a delayed version of themselves 

[17]. In this receiver, reference pulse acts as a template for 

its subsequent data pulse and delay time (D) between data 

and reference pulses plays a crucial role in recovering data 

at the receiver. Solid and dotted pulses represent data pulses 

and reference pulses, respectively. The integrator in TR 

receiver has two important parameters: integration interval 

position and length which play major rule for receiver 

performance in both NLOS and LOS channels. In LOS 

channel, the integration interval length should be equal to 

pulse width to capture most of energy [18]. 

 

 
Fig. 6. (a) TR receiver block diagram (b) TR demodulation 

(c) TR demodulation in presence of multipath channel 

 

TR signaling is viewed as above of signaling scheme that 

devotes a portion of transmitted power or energy to indoor 

channel measurement. Systems of TR technique operate 

over randomly varying time communication channels. After 

receiving and separating the data, correlation takes place to 

form the received data to a decision variable. There are 

many attractive properties for architecture of TR-UWB, 

transmitted reference signal provides a perfect template 

pulses to match the data pulses without explicit channel 

estimation, "causing degradation at the receiver during 

demodulation process", the received data can be corrupted 

with noise, the channel needs to be constant over one frame 

because of reference and data pulses are transmitted within 

that frame [19]. 

 

VII. SIMULATION RESULTS AND DISCUSSION 

FOR TR RECEIVER 
 

To show the impact of Rayliegh K-factor on system BER 

by varying the K-factor and demonstrate how this variation 

affects the performance for communication system. 

Moreover, without loss of space generality results are 

presented by application of indoor parameters from [1] for 

the SV model. Since the LOS rays are attenuated as they 

fall in the main lobe of the Tx and Rx antennas, the obtained 

value of K-factor from simulations or analytical methods by 

MATLAB software affects on BER curves as represented 

in Figure 7. These curves for conventional and proposed 

(using K-factor) are shown in Figure 8 of encoded system 
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by simulation and numerical integration of the following 

equations, 

0
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Where Pb is probability of bit error, erfc denotes 

complementary function, Ω is the total channel power gain, 

P (SNR) is the PDF of Rayliegh distribution, and Io is the 

first order of Bessel function. In addition, the same 

simulation was applied for NLOS rays when they are 

attenuated as they do not fall in the main lobe of Tx and Rx 

antennas. The BER curves are shown in Figure 8 for 

conventional and proposed systems that show the gained 

SNR when using the K-factor. 

Finally, the aim is to see the effect of variation of 

Rayliegh K-factor on spectral efficiency. We consider a 

SNR value of 20 dB to obtain the range of simulated values 

of spectral efficiency. Several realizations of the "channel 

impulse response (h(t))" are generated to calculate values of 

spectral efficiency by the following equations of channel 

capacity (C) and probability error (Pr),  
2

2log (1 )iC h SNR   (14) 

02 1

0

0

( ) ( ) ( )

C

SNR

r

SNR

P C C P SNR d SNR





  
 (15) 

Where hi are the channel impulse response for i-th 

realizations and C0 is the first value of channel capacity. 

Two configurations of Figure one are chosen for having 

varying values of K-factor. The simulation process was 

done to calculate cumulative distribution functions (CDFs) 

of channel capacities they are plotted in Figure 9 for LOS 

configuration and Figure 10 for NLOS configuration at 

different values of K-factor.  

 

 
Fig. 7. BER versus SNR for LOS channel in different 

configurations. 

 

 
Fig. 8. BER versus SNR for NLOS channel in different 

configurations. 

 
Fig. 9. Different configuration of Tx-Rx antennas to 

different values of K-factor with the LOS rays. 

 

 
Fig. 10. Different configuration of Tx-Rx antennas to 

different values of K-factor with the NLOS rays. 

 

VIII. CONCLUSIONS 
 

In this work, an UWB microstrip small antenna was 

designed to cover frequency band of 7.5 GHz. The – 10 dB 

return loss rejection at 3.5 GHz and 10.6 GHz within the 

corresponding band. The design techniques are FR-4 

substrate material, partial ground plane, spanner-shaped 

cutting patch, and adjusting the gap between ground plane 

and radiating element. It provides high gain over the UWB 

frequency band, omni-directional radiation pattern, 

fractional bandwidth more than 95 %, and radiation 

efficiency is higher than 94 %.    

The other part of the work is to provide method to 

analytically calculate the values of Rayliegh K-factor for 

SV model based on IEEE P802.15-02/279-SG3 areport. 

Simulation results show that the TR receiver using K-factor 

achieves better channel capacity that leads to high data rates 

at transmission or reception. Furthermore, results of BER 

performance with SNR show excellent gain in SNR 

compared with conventional TR receiver for LOS and 

NLOS channel models through indoor propagation. The 

method described in this work can thus be proposed for use 

in elevation of the K-factor and hence, the performance of 

future wireless communication systems. 
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