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Abstract

Outage performances are investigated for space-time block coded multiband orthogonal frequency division multiplexing ultra-wideband systems STBC MB-OFDM UWB using discrete wavelet transform DWT. As the channel model considers the log-normal shadowing, the resultant signal to noise ratio (SNR) follows a Rayleigh's distribution. Based on this, we determined Bit error rate BER by simulations. Also, the design of STBC MB-OFDM UWB systems, with two transmit and one or two receive antennas using DWT and fast Fourier transform FFT, for achieving 1 Gbps data rate. We study the performance of these systems with different channel models schemes. The BERs and the operating range of these systems are obtained using frequency domain baseband simulations as well as more realistic full-system simulations, and are compared to those of single antenna systems. Simulation results show that the STBC MB-OFDM UWB systems provide significant gains for 1 Gbps transmission over single antenna MB-OFDM UWB systems. We show that the BER performance of STBC MB-OFDM UWB system is the product of the number of transmit and receive antennas, the number of multipath components, and the number of jointly encoded OFDM symbols. Interestingly, the diversity gain does not severely depend on the fading parameter, and the diversity advantage obtained under Rayleigh's fading with arbitrary parameter is almost the same as that obtained in Rayleigh fading channels. Finally, Simulation results show that the STBC MB-OFDM UWB systems with Discrete Wavelets Transform DWT provide significant gains for 1 Gbps transmission over MB-OFDM UWB systems using conventional method with Fast Fourier transform FFT. 
Key Words: UWB, Frequency selective fading channels, multiband, OFDM, STBC.
الخلاصة
تحري الاداء للنظام الترميز الكتلي الزماني المكاني المتعدد الطبقات لمازج مقسم التردد المتعامد لحزمة فائقة العرض. بما ان نموذج القناة افترض على انه ظل اللوغارتيم الطبيعي نسبة اشارة الى الضوضاء  الناتجة ستتبع توزيع ريلي. بناء على ذلك اشتقت احتمالية الانقطاع نضريا و اثبتة بواسطة المحاكات. في هذه الورفة نظام (STBC MB-OFDM UWB) بمرسلتين ومستلمتين لتحققيق معدل نقل بيانات  (1Gbps) تم تصميمه. وقمنا بدراسة المواصفات للانظمة امصممة تحت تاثير مختلف نماذج القنوات. و معدل اخطاء (BERs) المدى العامل لهذه الانظمة من خلال المحكات تم حسابها مقارنتها مع بعضها ومن خلال النتائج تبين ان استخدام هوائيين في الاستلام ولارسال افضل بصوره رائعه  من استخدام هوائي واحد في نظام (STBC MB-OFDM UWB) . واخيرا نتائج المحاكات بينت ان انظمة (STBC MB-OFDM UWB) المصممة باستخدام تحويل المويجة تعطي نتائج رائعة مقارنتا مع نفس النظام المصمم باستخدام تحويلات فورير. نتائج المحاكات اعتمدت لكي تعزز التحليل النظري لها.

Introduction

After the FCC allowed the use of UWB transmitters in the 3.1 to 10.6 GHz (requiring that the transmitters limit their EIRP to - 41.25 dBm/MHz [Yang at. el. 2007]), the industry has moved from the impulse radio paradigm towards other physical layer options. Although the impulse radio techniques have many advantages for the low rate and/or military applications, for commercial high data rate Wireless Personal Area Networks (WPANs) other modulation/ transmission schemes have proved to be more attractive. One of the most popular approaches to UWB system design is the Multi-Band Orthogonal Frequency Division Multiplexing (MB-OFDM) [Ghorashi 2006]. This approach has received wide industry support and has been adopted by many industry alliances such as [Batra 2004][Wong 2008] and standardized by ECMA in December 2005 as a high-rate UWB PHY and MAC standard [Zhang 2007]. The highest physical layer (PHY) data rate in the current MB-OFDM specification [Ghavami 2007] is only 480Mbps. This data rate cannot meet the requirements of future wireless applications, such as wireless High Definition (HD) video streaming. Thus, the next generation MB-OFDM UWB systems target more than 1Gbps PHY data rates. In order to achieve such high data rates, new modulation and coding techniques are needed. The Space Time Block Code (STBC) technique is a promising solution, since it can increase channel capacity greatly under rich scattering scenarios. The STBC technique has been adopted in many wireless systems such as the IEEE 802.11n Wireless Local Area Networks (WLANs) [Lakshmanan 2006]. It is likely that the next generation UWB systems will employ the STBC technique as well as precoding techniques. The STBC technique is used to increase the data rate, while the precoding techniques are used to achieve frequency domain diversity which leads to improved system performance. Multiband orthogonal frequency division multiplexing (MB-OFDM) was proposed for the physical layer within IEEE 802.15.3a standard, which covers ultra-wideband (UWB) communications in a wireless personal area network (WPAN) [Ghavami 2007]. In contrast to a single-antenna system, the space-time block coding combined with MB-OFDM, i.e., STBC MB-OFDM UWB [Ghorashi 2006], is able to achieve better system performance. Outage probability is an important performance measure in wireless communication systems, and is usually defined as the probability of unsatisfactory signal reception. The outage analysis for multiple-antenna systems is always performed under assumptions of Rayleigh, Rice or NaKagami fading channels [Batra 2004, Ghavami 2007]. However, for the IEEE 802.15.3aUWB channel model [Wong 2008], which further considers the log-normal shadowing effect, few results have ever appeared according to our best knowledge. In this letter, therefore, we shall derive the outage probability for the orthogonal STBC [Lakshmanan 2006,Zhang 2007] coded MB-OFDM UWB systems under the IEEE 802.15.3a UWB channel model.
In this paper, we design STBC MB-OFDM UWB systems using two transmit and one or two receive antennas and study their performance. We will consider QPSK modulation techniques and evaluate their performance in uncorrelated STBC multipath UWB channel conditions. The remaining of this paper is organized as follows. Section 2, briefly describes the MB-OFDM UWB system. Section 3 and 4, Provides the details of the system model and modulation schemes used to achieve 1 Gbps data rate and signal model. Section 5 presents the simulation results obtained using different simulation settings, and the conclusions are drawn in Section 6. 

2. Multi-Band OFDM UWB System
In this section we briefly introduce the MB-OFDM UWB system [Ghorashi 2006][Ghavami 2007]. In the MB-OFDM UWB system, the 3.1 to 10.6 GHz band is divided into 14 bands, each with a bandwidth of 528 MHz. These bands are then grouped into five band groups. The first four band groups contain three bands each and the fifth one contains two bands. The MB-OFDM UWB system has two modes of operation: Time Frequency Interleaved (TFI) and Fixed Frequency Interleaved (FFI). In the TFI mode, the signal hops over the three bands within a band group. The hopping pattern is called a Time Frequency Code (TFC), and has a period of six hops. In each hop, one OFDM symbol is transmitted. For each band group, four different TFCs are defined. For example, one TFC for the first band group is given as {1, 2, 3, 1, 2, 3}. In the FFI mode the system does not hop and only uses one of the 528 MHz bands.
At the beginning of each packet, a time-domain training sequence is transmitted. This training sequence is repeated 24 times for regular operation and 12 times when the system is in burst mode (when a number of packets are transmitted one after each other in a “burst”) to form the time-domain preamble. This preamble is used for time and frequency synchronization. After the time domain preamble, a frequency domain training sequence is transmitted. This sequence, which is repeated 6 times, is employed for channel estimation. This means that in the TFI mode two copies of the frequency domain sequence are available for the channel estimation in each band. The frequency domain training sequence as well as the header and the data that follows it are generated using an OFDM modulation scheme with N = 64 sub-carriers. Instead of a more traditional cyclic prefix, each symbol (including the preamble and training sequences) is padded with NZP = 33 zeros. Within each OFDM symbol, 31 sub-carriers are used for data transmission and 31 are used for pilot symbols. Also, 10 sub-carriers (five on each edge) are used as guard sub-carriers. The data from the adjacent sub-carriers is copied on these sub-carriers. On each data sub-carrier, the data is modulated either using QPSK.

2.1. STBC UWB Channel Model and Capacity Analysis

We have modeled the multipath channel using the model provided in [Snow 2005]. This is the channel model adopted for use in the IEEE 802.15.3a standardization Task Group. This model is similar to the Saleh-Valenzuela (S-V) multi-cluster model [Saleh 1987]. Each cluster has an exponential decay profile. The overall power of each of the clusters also exponentially decays with time. The difference between this adopted model and the SV model is that instead of a Rayleigh distribution for the coefficient of each path, a log-normal distribution is used. To model the shadowing effects, the overall gain of each channel realization is also modulated by another log-normal shadowing coefficient. As given in [Snow 2005], four different sets of parameters (referred to as CM1 through CM4) are available. These models (parameter sets) are chosen to represent different channel conditions in typical usage scenarios.

In [Snow 2005], Snow et al provided some information-theoretic performance measures of MB-OFDM for UWB communications from the aspect of outage capacity and cutoff rates. To estimate the performance of MB-OFDM UWB systems with multiple antennas, we also use the calculation of outage capacity of STBC UWB channels and get a rough picture of the data rates that can be achieved. We assume that the multipath channels for different antenna pairs are statistically independent. We consider different systems with at most two transmit and receive antennas. Hence, there are four possible combinations: (1Tx, 1Rx), (2Tx, 1Rx), (1Tx, 2Rx) and (2Tx, 2Rx) as shown in figure (1).
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For the multipath block fading channels, the outage capacity is the theoretical limit which shows the highest achievable data rate at certain outage error rate. For the multi-band OFDM systems, because of the frequency-hopping feature, there are a total of 180 data sub-carriers that must be averaged to calculate the average capacity: 
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                            (1)
where Cav is the average capacity, Hi is the channel matrix on the i-th subcarrier, and Nt and Nr are the number of transmit and receive antennas, respectively. The outage probability Pout associated with a target rate R is defined as Pout = Pr (Cav < R). For example, if we set the outage probability to 0.1, we can determine the target rate R corresponding to this channel outage. The maximum data rate theoretically attainable at PER = 0.1 can be estimated as Rdata = R ·W  Rc, where R is the outage capacity (in bits/s/Hz), W is the bandwidth, and Rc is the code rate. Using independent realizations of the CM2 channel model [Snow 2005], we have calculated outage capacity at PER = 0.1 for all possible antenna formations. These results are depicted in Figure 2. We can see that at medium SNR, (2Tx, 2Rx) system can provide double the data rate that can be achieved by the (1Tx, 1Rx) system with the same bandwidth. Also, (1Tx, 2Rx) system has certain advantage over the (1Tx, 1Rx) system from the capacity point of view. Theoretically speaking, the single antenna system can achieve roughly 1 Gbps at SNR = 12dB. In practice, however, the achievable rate is lower than 1Gbps due to signal modulation constraints and RF impairments. Therefore, UWB system with multiple antennas is a good candidate to increase the date rate up to 1 Gbps with the fixed 528 MHz bandwidth [Yang at. el. 2007].
2.2. Simulation Environment and Performance Calculation

To simulate the behavior of the above systems in multipath environment, we have generated the MIMO UWB channel using independent realizations of the models provided in [Snow 2005], which can be re-sampled and converted to the baseband frequency domain channel coefficients. This assumes that the channels are independent, i.e. sufficient multipath exists and antennas are separated in space by at least one wavelength. Furthermore, the power of the channel coefficients is normalized, i.e., it has been assumed that shadowing does not exist. Also, the effect of increased path loss at higher frequency band has not been taken into account. These simple simulations have been used to compare different modulation options. A full system-level simulation model, including real world impairments, has also been set-up to evaluate the performance of the most promising systems in this paper. The transmitter includes a Digital to Analog Converter (DAC) operating at 528MHz, an analog filter to remove signal images, and a mixer to up-convert the signal to the desired frequency at each transmit antenna. For each receive antenna, the analog front-end in the receiver includes a mixer to bring the signal down to baseband, a filter to reduce out-of-band signal and an AGC-ADC (Automatic Gain Control - Analog to Digital Converter) loop to adjust gain and to digitize the signal. The base-band module processes the ADC output data to detect the burst and to correct for frequency and timing errors. It then processes the frequency domain preamble to estimate the channel, which is used to equalize the header and payload symbols. The equalized data is then demapped to generate to the header symbols. The payload symbols are processed based on the parameters decoded from the Header symbols. In all simulations, the Packet Error Rate (PER) performance is calculated using the average PER for all channel realizations. The performance is measured at PER = 0.1[Yang at. el. 2007].. 
3. System Design
This section presents the system design of a time domain UWB system operating at a center frequency of 5 GHz intended for short-range communications between 1 and 3 meters with a maximum bit rate of 5 Mbit/s. As shown in Figure (2), this range corresponds to a path loss of typically 50 dB under line-of-sight conditions.  

The design is based upon both MATLAB. This design may look simple from a system point of view, but is definitely ambitious for its IC realization. It requires an appropriate IC technology with transition frequency fT > 30 GHz and on-chip passive components like inductors and varactor diodes [Chong2008].
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3.1 Transmitter Design 

The transmitter uses (QPSK) of a sinusoidal carrier at 5.12 GHz (512 x 10 MHz). The UWB transmitter is characterized by the parameters shown in Table 1. Figure 3 illustrates the time-domain wavelet used in this UWB system. It is a 1ns burst of a 5.12 GHz sine wave signal with a sinusoidal envelope repeating every 100 ns.  
Table 1 UWB transmitter parameters

	System parameter 
	Value 
	unit 

	Modulation scheme 
	QPSK 
	

	Center frequency 
	5.12 
	GHz 

	Bandwidth –20 dB 
	2.5 
	GHz 

	Peak power  
	+2 
	dBm 

	Average power 
	-21  
	dBm 

	Duty cycle 
	0.01 
	

	Pulse repetition frequency 
	10 
	MHz 

	Pulse envelope 
	half period sine wave 
	

	Maximum bit rate 
	5 
	Mbit/s 


[image: image38.emf]
This system allows for a maximum bit rate of 5 Mbit/s where each information bit is mapped onto one impulse. Lower bit rates can be realized by mapping one information bit on several impulses. Figure 5 shows the spectral density of the UWB signal for a data sequence of ones, resolution bandwidth equals 1(FFT time 1usec) [Chong2008].
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The signal complies with the FCC spectral mask for UWB signals. The 5.12 GHz sine wave VCO is phase locked to the 10 MHz reference frequency provided by a quartz oscillator. The timing generator generates the 1 ns pulses that modulate the 5.12 GHz sine wave. The finite carrier suppression of the double-balanced mixer (DBM) is compensated for in a carrier adjust circuit. The divider used in the PLL (5.12 GHz input frequency) is also providing the basic signals for the timing generator. A power amplifier circuit provides the amplification signal to the antenna [Chong2008].  

3.2 Receiver Design 
The block diagrams of the proposed systems for STBC MB-OFDM UWB are depicted in Figure (5) and (6).These Figures illustrates a typical STBC MB-OFDM UWB system used for Multicarrier modulation using one and two receivers. In the conceptual block diagram of a STBC MB-OFDM UWB, suppose the data packet dn generated at a rate of Rs, is a stream of serial data to be transmitted using this scheme of modulation. The receiver is based upon a square-law detector followed by a low-pass filter and an analog-to-digital converter (ADC) with built-in track and hold circuit. Figure (6) shows the block schematic diagram of this UWB receiver. A low-pass filter with 1 GHz cut-off frequency (rise time 350 ps) performs averaging of the square-law detector output signal. After 20 dB of amplification, the signal is sampled and converted to a digital value. A ADC with a track and hold circuit with 1 GHz bandwidth is required. Such Each data packet convert the data streams from serial to parallel form to construct a one dimensional vector contains the data symbols to be transmitted as shown:
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Where, L is the packet length and refers to the code length. Each serial-to-parallel converted data symbols are DS-SS modulated using a user specific spreading code. As a result each data symbol becomes a vector with L bits. So, a matrix D of size L by L is obtained. Then each column of the matrix D converts to serial data using parallel-to-serial converter. The same procedure illustrated in [Batra 2004] will be use with each converted serial data.
The transmitted baseband signal of user k is written as:
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where k=1, ..., K, K is the active user number; dk(n) corresponding to the BPSK complex signal denotes the nth data symbol of the kth user, and {dk(n)} are assumed to be independent, identically distributed (i.i.d) with equal probability, and Tb is the symbols period. Ck={ck(n), n=l,.,.N} represents the kth user random spreading code, the length of code, i.e., spread processing gain is equal to N; and the chip period Tc, corresponds to the minimum orthogonal shifting defined in complex wavelet packet; Ec is the mean energy over a chip. So the sub-carrier symbol period T=MTc,,M, is the number of sub-carriers [Koga 2003].
The STBC-OFDM based on DWT will be used, from STBC encoder through out generation and insertion of Pilot carriers [Bahai 2002], the OFDM modulation using IDWT and the addition of the cyclic prefix. This is followed by sequences insertion, parallel to serial conversion for each transmitter and then the channel effect for each transmitted sequence is added. Each received additive sequences in each receiver antenna are passed through serial to parallel conversion and sequence separation. After this step each sequence discarded the cyclic prefix and inter to OFDM demodulator that use the DWT where after, the zero padding is removed from each sequence and the training sequence will be used to estimate the channel transfer function, h1(t) and h2(t) using : 



                     k=0,1,……….,N-1                         (4)
For each received sequence [Tarokh 1999].
We assume that the wireless channel from transmitter antenna to receive antenna experience independent, slow time-varying frequency selective Rayleigh fading, whereas every sub-carrier channel is considered to be flat and slow fading [Cheon 2002]. So the impulse response of mth subcarrier channel from transmit antenna to the receive antenna for user k can be repressed as
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Where [image: image12.wmf]m
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 respectively are i.i.d uniform variables in the interval [0,2π] for different k, m. So at the receiver, after down converting to baseband, the received signal from receive antenna can be written can be written by:
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Where n(t) is AWGN noise terms with double sided power spectrum density N/2 and zero mean. Single-path delay εk  is i.i.d. for different k and uniforms in [0,Tc],and tk is the time misalignment of user k with respect to the reference user at the receiver which is i.i.d for different k and uniforms in [0, Ts.].
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Since cross-correlation functions of the optimized complex wavelet packets satisfy equation 

 therefore the interference from same sub-carrier and same user k=1, interference from other sub-carrier and same user k=1 will equal zero. The desired output is 
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The data sequence is then entered the STBC decoder that expressed in [Cheon 2002, George 1998, and Proakis 2005], and then each vector collected using the serial to parallel converter is used to reconstruct the received matrix DR whose dimension is L × L. After all the matrix of the spread data is despreaded using same spreading user code sequence that used in transmitter, each raw of the resultant matrix is passed through integral and dump and finally the signal demapper is used to get the output data for single receiver. But if two receivers are used, the outputs of signal demapper will be passed to Maximum Likelihood detector to get Maximum Likelihood symbol for the output data [Choi 2001].
4. Signal model

To lower the computational complexity, we consider a simple STBC MB-OFDM UWB system [Batra 2004], which is equipped with two transmits antennas and two receive antennas. Let us define a vector s(k, n) = (s1(k, n), s2(k, n))T, with sj (k, n) being the baseband signal (symbol) transmitted by the jth antenna over the kth subcarrier at time n (j ∈ [1,2], k ∈ [1,K], n ∈ [1,N]). Here, K denotes the number of subcarriers and N is the number of OFDM symbols within an interested time interval. The correspondingly received baseband signal y(k, n) (2 × 1) can be expressed as [Ghorashi 2006] 

y(k, n) = H(k)s(k, n) + z(k, n),                                                     (9)

where z(k, n) (2 × 1) is a complex-valued additive white Gaussian noise vector with entities of zero mean and variance 
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; H(k) (2 × 2) denotes the channel frequency response according to the IEEE UWB channel model [Wong  2008].We assume that the channel for a certain frequency band keeps constant within the time interval of N OFDM symbols. The(i, j )th element of H(k) is given by 
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where ∆f is the frequency separation between two adjacent subcarriers; 
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is the multipath gain for cluster l and ray m between the jth transmit antenna and the ith receive antenna; the lth cluster arrives at 
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 ; X represents the log-normal distributed random variable for shadowing, i.e., 20 log10 X ∝ N(0, 
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, ∀m, l for each couple (i, j ), is normalized to unity for each channel realization. For simplicity of notation, we omit the indices of k and n, and denote hi,j = [H(k)]i,j and ci,j = 
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, respectively. Thus, it shows that

hi,j = Xci,j .                                                                                     (11)
When the Alamouti coding is applied, the system is equivalent to two independent single-input single-output systems defined as [Lakshmanan 2006, Zhang 2007]
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where
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. Therefore, the output signal to noise ratio (SNR) in (4) can be expressed as
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Where 
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and ρs   denotes the averaged power of transmitted symbols.
5.  Simulation Results Of The Proposed STBC- MB-UWB Systems:
In this section the simulation of the proposed STBC- MB-UWB Systems in MATLAB V7 are achieved. And the BER performance of the STBC- MB-UWB Systems considered in different channel models, the AWGN channel, the flat fading channel, and the selective fading channel. Table (2) shows the parameters of the system that are used in the simulation; the bandwidth used was 10MHz and using Daubechies-4 coefficients for Discrete Wavelet DWT with level two.

Table 2: Simulation Parameters

	DWT-STBC-MB-OFDM UWB
	DFT-STBC-MB-OFDM UWB
	

	QPSK
	QPSK
	Modulation Types

	10MHz
	10MHz
	bandwidth

	64
	64
	Number of sub-carriers

	64
	64
	Size of packet

	Db4 with 1 and 2 level
	
	Wavelet type

	AWGN
	AWGN
	Channel model

	Flat fading+AWGN
	Flat fading+AWGN
	

	multipath fading+AWGN
	multipath fading+AWGN
	


5.1. Performance of STBC-MB-UWB in AWGN channel 
Simulations are done utilizing the IEEE 802.15.4a multi-path channel [Saleh 1987] to obtain a detection probability over SNR in Figure (2). As shown in Figure (2), it can be seen that detection probability is reached with 1 in AWGN channel when SNR is 20dB. Also, the probability of detection becomes about 0.5 when SNR is 27dB in the IEEE 802.15.4a CM1 and CM5. The channel models consist of AWGN, IEEE 802.15.4a CM1 (Residential LOS) and CM5 (Outdoor LOS). Figure (2) represents a detection probability according to distance between transmitter and receiver. receiver detection probability with about 120m distance is equal to about 1 in AWGN channel and relative distance is about 47m when the probability of detection is about 0.55 in the IEEE 802.15.3a CM1.

The STBC MB-OFDM UWB system is simulated with two transmit antennas, two receive antennas and FFT size K =64 [Batra 2004, Ghorashi 2006]. The channels are assumed spatially uncorrelated and the parameters for each spatial link are generated according to the IEEE 802.15.3a channel model [Wong 2008] (CM1). Note that we set the standard deviation 𝜎x = 3 and c = 1 due to the channel power normalization. Figure 1 depicts the curves of the outage probability against the ratio [image: image36.emf] (dB). 

In this section, the channel is modeled as Additive White Gaussian Noise for wide range of SNR from 0dB to 40dB. Simulation result of the proposed STBC- MB-UWB Systems is calculated as shown in Figure (7) which gives the BER performance of STBC- MB-UWB Systems in AWGN channel. It is shown clearly that the STBC- MB-UWB Based on DWT is much better than STBC- MB-UWB systems Based on FFT. This is a reflection to the fact that the orthogonal bases of the Wavelets is much significant than the orthogonal bases used in STBC- MB-UWB Based on FFT.

For BER 10-4 the STBC- MB-UWB Based on FFT have SNR=19dB for 2Rx and 23dB for 1Rx For Wavelet based STBC- MB-UWB the BER=10-4 at SNR=8.5dB for 2Rx and 10.5dB for 1Rx therefore the gain of Wavelet based STBC- MB-UWB to FFT based STBC- MB-UWB is about 11dB. It’s found the STBC- MB-UWB when combined with MB-UWB, the BER performance of the system will be better than just using the MB-OFDM UWB only. Because this type spreads the original data stream using STBC in two streams and then compare them and take the best of them.

[image: image42.emf]
5.2. Performance of STBC-MB-UWB in Fading Channel:

In this type of channel, the signal affected by the flat fading with addition to AWGN; in this case all the frequency components in the signal will be effect by a constant attenuation and linear phase distortion of the channel, which has been chosen to have a Rayleigh's distribution of IEEE 802.15.4a CM1 (Residential LOS). A Doppler frequency of 4Hz is used in this simulation. From Figure (8) it can be seen that for BER=10-4 the SNR required for MB-OFDM UWB Based on DWT about 12.5dB for 2Rx and 16dB for 1Rx and for MB-OFDM UWB Based on FFT have 23dB for 2Rx and 25dB for 1Rx, therefore a gain of 10dB for the DWT against FFT. As shown in Figure (8) it was found that the DWT- MB-OFDM UWB is outperform significantly other than other systems for this channel model.
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5.3. Performance of STBC-MB-UWB in Multipath Fading Channel:

In this section, the channel model is assumed to be selective fading channel of IEEE 802.15.4a CM1 (Residential LOS), where the parameters of the channel in this case corresponding to multipaths where two paths are chosen the LOS and second path the LOS path have Average Path Gain equals 0dB and Path Delay of 0 sample, where the second path have Average Path Gain -12dB and path Delay one sample as shown in Figure (6). It is shown clearly in Figure (9), that BER performance of STBC- MB-UWB Based on DWT is better than STBC- MB-UWB Based on FFT. The STBC- MB-UWB Based on DWT has BER performance 10-4 at SNR=16dB for 2Rx and 18.5dB for 1Rx and the STBC- MB-UWB Based on FFT have the same BER performance at 27dB for 2Rx and 30dB for 1Rx.
From the above results it can be concluded that the STBC- MB-UWB Based on DWT is most significant than the conventional systems (FFT based STBC-MB-UWB) in the different channel models that have been assumed. 


6. Conclusions

In this paper, we investigate the outage performance of the STBC MB-OFDM UWB systems under IEEE 802.15.3a UWB channel models, in which the log-normal shadowing effect is considered. Determined the performances of STBC MB-OFDM UWB systems that use two transmit and one or two receive antennas using Rayleigh's distribution as a channel model. The MB-OFDM systems with multiple antennas provide significant gains for 1 Gbps transmission over single antenna MB-OFDM UWB systems. Also based on the obtained results, we can see that the STBC MB-OFDM UWB system with ML decoding and based on DWT provides the best performance among the systems. In terms of performance, the STBC MB-OFDM UWB using DWT cans double the data rate while keeping the same transmission rate in conventional MB-OFDM UWB system.
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Figure (7):  BER performance of STBC-MB-UWB System in AWGN channel





Figure (8): The BER performance of STBC-MB-UWB in Fading Channel at Max. Doppler Shift=4Hz.








Figure (9) The BER performance of STBC-MB-UWB in multipath Channel at Max Doppler Shift=4Hz.
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Figure 1: Outage Capacity of MIMO UWB Channels
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Figure (7): UWB transmitter and Receiver





Figure (6) Block Diagram of the proposed STBC MB-OFDM UWB System Based on DWT








Figure 2:  Path loss for a line-of-sight link at 5 GHz assuming isotropic antennas





Figure (3): the basic 5 GHz sine wave wavelet 








Figure (4). Spectral densities of the UWB signal and the FCC spectral mask in red. 
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