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Abstract – The creation of Ultra-Wideband (UWB) radio platform has allowed the development of 
high bit-rate Wireless-USB offering High Definition video streaming. Quadrature Phase Shift Keying 
(QPSK) and Dual Carrier Modulation (DCM) are the current modulation schemes used for Multiband 
Orthogonal Frequency Division Multiplexing (MB-OFDM) in the ECMA-368 defined UWB radio 
platform. ECMA-368 offers up to 480 Mb/s instantaneous bit rate to the Medium Access Control 
(MAC) layer to enable the high-rate transmission, but depending on radio channel conditions dropped 
packets unfortunately result in a lower throughput. This paper presents a higher data rate Coded 
modulation scheme that fits within the configuration of the current standard to increase the system 
throughput by achieving 960 Mb/s (reliable to 3 meters) thus maintaining the high rate USB 
throughput even with a moderate level of dropped packets. The system performance for LDPC coded 
32-APSKmodulation is simulated in realistic multipath environments. 
 
Keywords: APSK (Amplitude Phase Shift Key), Multi band-Orthogonal frequency-division 
multiplexing (MB-OFDM), ultra-wideband (UWB), wireless personal area networks (WPAN). 
 

 
 
1 Introduction 

UWB systems were recently proposed to 
standardize wide bandwidth wireless communication 
systems, particularly for Wireless Personal Area 
Networks (WPAN). The fundamental issue of UWB 
is that the transmitted signal can be spread over an 
extremely large bandwidth with a very low Power 
Spectral Density (PSD). In 2005 the WiMedia 
Alliance [19] working with the European Computer 
Manufacturers Association (ECMA) announced the 
establishment of the WiMedia MB-OFDM 
(Multiband Orthogonal Frequency Division 
Multiplexing) UWB radio platform as their global 
UWB standard, ECMA-368 [18] and the latest 
updated version [17] incorporating spectral nulling. 
ECMA-368 was also chosen as Physical layer (PHY) 
of high data rate wireless specifications for high-
speed Wireless USB (W-USB) [16]. 

Quadrature Phase Shift Keying (QPSK) and Dual 
Carrier Modulation (DCM) are exploited as standard 
modulation schemes for MB-OFDM in ECMA-368. 
QPSK constellation is used for data rates 200 Mb/s 
and lower while DCM is used as a multi-dimensional 
constellation for data rates 320 Mb/s and higher. 

However the maximum data rate of 480 Mb/s in a 
practical environment can not be achieved due to 
poor radio channel conditions causing dropped 
packets, resulting in a lower throughput and the need 
to retransmit the dropped packets. To increase the bit 
rate and allow for effective 480 Mb/s performance 
even with moderate packet loss in a practical system, 
rectangular Gray coded 16-QAM can be employed. 
However the system using the 16-QAM has no 
successful multipath propagation link for transmitting 
at 960 Mb/s or only achieves approximately 1 meter 
at 640 Mb/s comparing to the DCM 480 Mb/s mode 
and 320 Mb/s mode respectively (Appendix A). In 
this paper, a low power and high performance LDPC 
–Coded APSK-modulation scheme is proposed, 
implemented and tested in fixed point model, which 
increases the MB-OFDM system throughput to 960 
Mb/s (comparing to the DCM 480 Mb/s mode) with a 
successful link of 3 meters.UWB communication 
systems use signals with a bandwidth that is larger 
than 25% of the center frequency or more than 
500MHz.the UWB communications transmit in a 
way that doesn’t interfere largely with other  more 
traditional narrow-band and continuous carrier wave 
uses in the same frequency band 

In this paper, an enhancement to the UWB system 
was proposed, where the QPSK DCM and QAM was 
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replaced by APSK modulation technique which 
provides better throughput with optimum power and 
distortion. 

Chapter 2 presents the MB-OFDM background. 
Chapter 3 describes about the system model  .Chapter 
4 describes about the LDPC coding system .Chapter 
5 describes about the APSK constellation design. 
Chapter 6 describes about the Log likelihood ratio 
detection method. Chapter 7describes about the Data 
rate Vs maximum distance. Chapter 8 describes about 
the Channel Capacity Chapter. 9describes about the 
Maximum power transfer Chapter .10describes about 
the Proposed system. Chapter 11describes about the 
Conclusion.  

2 MB-OFDM IN ECMA-368 

The ECMA-368 specifies an MB-OFDM system 
occupying 14 bands with a bandwidth of 528 MHz 
for each band. The first 12 bands are grouped into 4 
band groups (BG1-BG4), and the last two bands are 
grouped into a fifth band group (BG5). A sixth band 
group (BG6) containing band 9, 10 and 11 is also 
defined within the spectrum of BG3 and BG4, in 
agreement to usage within worldwide spectrum 
regulations. The advantage of the grouping is that the 
transmitter and receiver can process a smaller 
bandwidth signal while taking advantages from 
frequency hopping. At the heart of ECMA-368 lies a 
128-pt IFFT resulting in each IFFT sub-carrier being 
clocked at 528MHz. The subcarriers in each OFDM 
symbol include 100 data subcarriers, 12 pilot 
subcarriers, 6 NULL valued subcarriers and 10 guard 
subcarriers. The 10 guard subcarriers used for 
mitigating Inter Symbol Interference (ISI) are located 
on either edge of the OFDM symbol and have same 
value as the 5 outermost data subcarriers. In addition, 
the guard carriers can be used as another form of time 
and frequency diversity resulting in improving 
receiver performance [15][14]. Each OFDM symbol 
is separated with a Zero Padded Suffix (ZPS) of 
70.08ns to aid multipath interference mitigation and 
settling times of the transmitter and receiver .  

3  SYSTEM MODEL 

The multiband-OFDM (MB-OFDM) approach[5],[6], 
the available UWB spectrum is divided into several 
sub-bands of smaller bandwidth. An OFDM symbol 
is transmitted in each sub-band and then, the system 
switches to another sub-band. Amplitude phase-shift 
keying(APSK)modulation is used for OFDM. The 
transmitted signal in this is given by[10].  

 
 

 
 
 
 
 
 
 

           a) Transmitter 
 
 
 
 
 
 
 
 
 
 
 

Fig.  1       Ultrawideband OFDM transreceiver 
 

. 
4 LOW-DENSITY PARITY-CHECK 

CODE 

In information theory, a low-density parity-check 
(LDPC) code is a linear error correcting code, a 
method of transmitting a message over a noisy 
transmission channel, and is constructed using a 
sparse bipartite graph. LDPC codes are capacity-
approaching codes, which means that practical 
constructions exist that allow the noise threshold to 
be set very close (or even arbitrarily close on the 
BEC) to the theoretical maximum (the Shannon limit) 
for a symmetric memory-less channel. The noise 
threshold defines an upper bound for the channel 
noise, up to which the probability of lost information 
can be made as small as desired. Using iterative 
belief propagation techniques, LDPC codes can be 
decoded in time linear to their block length[13]. 

LDPC codes are finding increasing use in 
applications requiring reliable and highly efficient 
information transfer over bandwidth or return 
channel–constrained links in the presence of data-
corrupting noise. Although implementation of LDPC 
codes has lagged behind that of other codes, notably 
turbo codes, the absence of encumbering software 
patents has made LDPC attractive to some. LDPC 
codes are also known as Gallager codes, in honor of 
Robert G. Gallager, who developed the LDPC 
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concept in his doctoral dissertation at MIT in 
1960[12]. 

5 APSK CONSTELLATION DESIGN 

In this section, we define the generic multiple-ring 
APSK constellation family of 16, 32, and 64 digital 
constellations points. [2] 

5.1 APSK Constellation 

An M-APSK Constellation is composed of R 
concentric rings, each with uniformly spaced PSK 
points. The M-APSK constellation set x is given by 
[1]  
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Where nl, rl and θl (l=1, …,R) denote the number 

of points, the radius and the phase offset of the l-th 
ring respectively,   In [11], a general M-APSK 
construction strategy was introduced, which includes 
3 steps: 

 i) Selecting R and n1 
ii) Determining rl, and  
iii) Choosing θl. 
Such modulation schemes are termed hereinafter 

as    n 1 + n 2 +…+ n nR - APSK.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

Fig. 3 (a) 4+12-APSK, 3 (b) 4+12+16-APSK and 3 
(c) 4+12+16+32-APSK constellations 

Table 1 shows the optimized M-APSK parameters 
for various coding rates r giving an optimum 
constellation for each given spectral efficiency R. 

Numerical results for 16-APSK [3] 
 

MODULATION 
ORDER 

CODING 
RATE R 

SPECTRAL 
EFFICIENCY R 

(BPS/HZ) 
Ρ2

OPT 

4+12 APSK 

2/3 2.67 3.15 
3/4 3.00 2.85 
4/5 3.20 2.75 
5/6 3.33 2.70 
8/9 3.56 2.60 
9/10 3.60 2.57 

 
Numerical results for 32-APSK 

 
MODULATION 

ORDER 
CODING 
RATE R 

SPECTRAL 
EFFICIENCY 
R (BPS/HZ) 

Ρ2
OPT Ρ3

OPT 

4+12+16 
APSK 

3/4 3.75 2.84 5.27 
4/5 4.00 2.72 4.87 
5/6 4.17 2.64 4.64 
8/9 4.44 2.54 4.33 
9/10 4.50 2.53 4.30 

 
 
Numerical results for 64-APSK 

MODULATIO
N ORDER 

CODIN
G 

RATE 
R 

SPECTRAL 
EFFICIENC

Y R 
(BPS/HZ) 

Ρ1
OPT Ρ2

OPT Ρ3
OPT Ρ4

OPT 

4+12+16+3
2 APSK 

0.818 4.91 0.051 0.028 0.019 0.004
9 

0.858 5.15 0.047 0.025 0.019 0.006
5 

0.905 5.43 0.040 0.022 0.018 0.009
0 

5.2 SER for APSK Modulation  

The union bound the symbol error rate (SER) of 
M-ary modulation is given as 
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Where E denotes the error event and ݌൫ ௜ܵ →
௝ܵ)denotes the pairwise probability that transmitted 

symbol ௜ܵ is erroneously detected to ௝ܵ .  Using the 
erfc-function and the Euclidean distance d i,j ,between 
symbols ௜ܵ and ௝ܵ ,Pair Wise  error probability   
൫݌ ௜ܵ → ௝ܵ൯ is  determined as 
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1
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Where  ଴ܰ is the single-sided noise spectral density. 
For MAPSK constellation, the SER of MAPSK 
modulation can be written as by means of symmetry 
in the constellation: 
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According to the circular characteristics of 
MAPSK constellation, the Euclidean distance dijcan 
be divided into two parts: intra-ring distance d(intra) 
and inter-ring distance d(intra) 
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Where ݊௜ is the number of possible alphabets on 
ithringߠ௜.௜ାଵ is the relative phase between ithring      
and i + 1th ring. which can be achieved through the 
geometry characteristics[4]-[6]. 
Theequation (4) can be written as: 
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6 LOG LIKELIHOOD RATIO 

Soft decision decoders take as input the log 
likelihood ratio(LLR) for each code bit [5]. Suppose 

its b =bm-1bm-2…b0are mapped to the complex 
constellation point c = c(b). Let r = c + n denote the 
noisy received symbol[15]-[17].  

6.1 LLR for 16-APSK 

The four bit LLRs for each 16-APSK symbol can 
be computed using [7]-[9] 
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with eight terms each in the numerator and 
denominator. As there is no apparent simplification 
of this exact LLR expression, the approximate LLR 
computation of  

2
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can be used when a lower complexity computation 
is needed. 

 
To identify the closest constellation point with a 0 

or a 1 in the bit position of interest, one could 
compute the distances to all sixteen constellation 
points. As was the case for 8-PSK, this is 
unnecessary. Since 16-APSK is simply the union of 
two PSK modulations, the angle comparison 
approach used for 8-PSK can be used to identify the 
closest inner-ring constellation point with a 0 in the 
bit position of interest, and separately, to identify the 
closest outer-ring constellation point. Then can be 
computed for each of the two candidate constellation 
points to find the closer point. This requires 
computation of a total of four inner products, or eight 
multiplications, to compute an approximate bit LLR. 

 

6.2 LLR for 32-APSK 

The five bit LLRs for each 32-APSK symbol can 
be computed using  























2

:

* )(),( argmin bcrcijc
ibjb

 (10), 

with sixteen terms each in the numerator and 
denominator. As there is no apparent simplification 
of this exact LLR expression, the approximate LLR 
computation of   
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can be used when a lower complexity computation 
is needed. Since 32-APSK is the union of three PSK 
modulations, the angle comparison approach used for 
8-PSKcan be used to identify the closest constellation 
point with a 0in the bit position of interest, on each 
ring. Then  , ci can be computed for each of the three 
candidate constellation points to find the closest 
point. The same type of calculation is made for 
constellation points with a 1 in the bit position of 
interest. This requires computation of a total of six 
inner products, or twelve multiplications, to compute 
an approximate bit LLR. The Voronoi boundaries of 
32-APSK are not all horizontal, vertical, or at a 45 
degree angle, so the more efficient method detailed 
above for 16-APSK could not be used for 32-APSK. 
 
 

7 Data rate and maximum 
distance 

 
For simplicity, let us suppose that the signal 

propagation occurs over a free-space. Thus the free-
space attenuation Amis expressed by:[1-4] 
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Where D is distance of propagation, RT GG are 

transmitter and receiver antenna gain, f is operation 
frequency and C isspeed of light. For our simulations, 
L=1, which indicates no loss in the system hardware. 
Suppose now the transmitted waveform is 

characterized by  dffPP t

fH

fLs  . In our 

example, the pulse waveform is the 5th derivative of 
a monocyclic Gaussian pulse, and its PSD given by: 
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Am and δ are normalized pulse parameters that make 
the PSD of transmitted power match FCC indoor 
emission mask. We can express the receiver signal 
power as: 
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is frequency response of the indoor channel that we 
mentioned, and can be expressed as: 

    )14()(1 fR
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Where R( f ) is the shadowing parameter that 

depends on the geography of propagation(6dB),T0 is 
noise temperature on the receiver antenna, F1 and F2, 
are receiver component noise factors, G1 and G2 are 
the gains of receiver system components and Ms is 
system margin(1 dB).By substituting E(14) into 
E(15) we get[4]:

  

Where Rb is data rate. Given SNR(spec) which 
corresponds to the SER of a specific modulation 
scheme, we can evaluate the maximum distance .Fig 
(4) shows, the maximum distance as an function of 
data rate in APSK,QPSK and QAM modulation 
schemes. It is observed that 32-APSK has the best 
data rate over short distances; Fig(4) shows at large 
distances, modulation schemes suffer from decreased 
data rates. 

 
Fig.4 Comparison of modulation schemes with distance 
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8 Channel capacity 
A method for calculating the channel capacity for 

M-ary digital modulation signal set over an AWGN 
channel is evaluated. The Shannon capacity given by 
Equation below 

 
Where W is channel band-width, predicts the 

channel capacity with continuous value input-output. 
Fig(5) shows UWB capacity, compared to other 
unlicensed systems, such as ISM(2.4-2.483GHZ) 
andUN1(5.15-5.25GHz).It is illustrated UWB has a 
highest capacity over short distances[7]. 

 
Fig.5 Capacity Analysis of  different modulation 

schemes Modulation 
9 Maximum transfer Power 

From a communications theory perspective, perhaps 
the most important characteristic of UWB systems is 
power-limited regime operation. The FCC specifies a 
limit on the maximum power that UWB devices may 
transmit, which is given in T(7). 
 
T(7)FCC limitation[1]: 
 

 
 

 
 

 
 

 
 
 

The maximum legal transmitter power, Pt, can be 
found and will affect the maximum transmit distance 
and data rate. In this case, the upper bound will be -

5dB(total transmitted power over channel 
bandwidth),  
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Where R X is average shadowing system, n is 
path-loss component and c0 assumed -41.42dBm,

0
bE is energy per bit, found to be 1.82e-19(W) for a 

specified BER of 5e-5, 
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Fig(6) shows, for any modulation schemes, to 
achieve a higher data rate, the transmitter will require 
more power. 

 
Fig.6Ultrawideband OFDM transreceiver 

 
10 Proposed system 

10.1 System Parameters 

 To transmit information, MB-UWB system 
uses convolution coding and puncturing to achieve a 
rate of 2/3, followed by OFDM modulation with M = 
128 subcarriers.  . Fig.1 shows the proposed system 
model using M-APSK Modulation System 
transmitter and receiver. The input signal is assumed 
to be scrambled and coded. The encoder encodes the 
scrambled input signal. M-APSK mapping sets the 
constellation points for the encoded symbols, to find 
error detection and correction. The signal is then 
passed through a serial-to-parallel converter to 
separate the diversity branches. Each branch is 
separately demodulated using FFT algorithm.  128-
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point IFFT is used at the transmitter. Similar to other 
OFDM systems, a cyclic prefix (CP) is added after 
the IFFT at the transmitter and discarded from the 
received signals before the FFT in each branch 
eliminates inter-symbol interference and inter-
channel interference in all branches. At the receiver, 
the diversity branches are combined using equal gain 
combining followed by constellation de-mapping and  
decoding. 

 

10.2  System Performance  

To analyse the performance of the M-APSK 
modulation, a complete simulation of the system over 
the channel models described in the IEEE 802.15.3a 
UWB channel modeling report [7] is done. Here, the 
simulation results of CM1, CM2, CM3andCM4 
channels at extreme fading conditions are presented. 
Fig. 3 (a) to (d) shows the results over the CM1 to 
CM4 channel under log normal fading conditions. In 
this figure, the bit error rate is plotted versus the 
signal-to-noise ratio for all the channel models. The 
simulation results shows that the M-APSK system 
performance is stable for different channel model and 
achieves a BER nearly 10-6 for SNR up to 10dB. The 
performance of M-APSK is better in additive white 
Gaussian noise (AWGN) channel . 

 

10.3  Power Consumption  

 

 
 
l6 QAM has the largest distance between points, 

but requires very linear amplification. 16PSK has less 
stringent linearity requirements, but has less spacing 
between constellation points, and is therefore more 
affected by noise. M-ary schemes are more 
bandwidth efficient, but more susceptible to noise. 
MPSK and QAM are bandwidth efficient but not 
power efficient. M-APSK has optimum distance 
between points and variation in amplitude, which 
requires less power and minimum interference. 
Generally ’A’ represents peak value of sinusoidal 
carrier. In the standard 1 ohm load register, the power 
dissipated will be, P = ½ A2. 

 

10.4 Channel Parameters 

The IEEE 802.15.3a UWB channel parameters 
that is used for the simulation is given below in Table 
2. 

 
Table 2:- IEEE 802.15.3a UWB channel parameters 

 
Model Parameters CM1 CM2 CM3 CM4 

Λ [1/nsec] 
(cluster arrival rate) 0.0233 0.4 0.0667 0.0667 

λ [1/nsec] 
(ray arrival rate) 2.5 0.5 2.1 2.1 

Γ (cluster decay factor) 7.1 5.5 14.00 24.00 

γ (ray decay factor) 4.3 6.7 7.9 12 

σ1 [dB] (stand. dev. of 
cluster lognormal fading 
term in dB) 

3.5 3.5 3.5 3.5 

σ2 [dB] (stand. dev. of 
ray lognormal fading 
term in dB) 

3.4 3.4 3.4 3.4 

 
 
 
 
Channel Characteristics 

 CM1 CM2 CM3 CM4 
Mean excess 
delay 5.05ns 10.38ns 14.18ns - 

RMS delay 
spread 5.28ns 8.03ns 14.28ns 25ns 

Distance 0-4m 0-4m 4-10m 10m 
LOS/NLOS LOS NLOS NLOS NLOS 

10.5 Simulation Results  
 

 

 
Fig: 10(a). LDPC and Convolutional codes  with code rate 1/2 is 

compared in cm3 and cm4 
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Fig:10(b). LDPC and Convolutional codes  with code rate ¾  is 

compared in cm3 and cm4 
 

 
It can be observed from the above fig 4.9 that for 

lower SNR values (<1.5dB) BER values of both 
convolution and LDPC coded systems are 
comparable and are almost equal to 10-1. But for 
higher SNR values, BER of LDPC coded system 
decreases rapidly compare to convolutional coded 
system. LDPC Code of cm3 attains BER value nearly 
equal to 10-4 for a SNR value of 2.5dB while SNR 
value should be 3dB for cm4 to achieve same BER. 
At the same time even for 3dB of SNR, convolutional 
code for cm3 and cm4 can achieve only a BER of 
slightly less than 10-1. So it can be inferred from the 
fig 4.9 that BER performance of LDPC coded system 
is better compared to that of convolutional coded 
system. It can also be inferred that among LDPC 
coded systems transmission power requirement is 
less for cm3 compared to cm4. 

Comparison of Different Modulation 
Schemes is shown in table below which proves 
APSK provides high data Rates. 

 
Data rate 
(in Mb/s) 

Modulation 
Code rate 

(R) 
53.3  QPSK  1/3  
160  QPSK  1/2  
200  QPSK  5/8  
320  DCM  1/2  
400  DCM  5/8  
480  DCM  3/4  
640  16-QAM  1/2  
640  16-PSK  1/2  
640  
960 

16-APSK  
16-APSK 

1/2  
3/4 

 
 
 
 
 
 

11 Conclusion 
 

Wireless-USB has now been standardized to use 
the services of Multiband OFDM (ECMA-368) as the 
transport mechanism. ECMA-368 offers a robust 
wireless solution and low power wireless service in 
WPAN. 

This paper has been proposed a Low power and 
high performance LDPC-Coded APSK-modulation 
scheme that can fit into the configuration of ECMA-
368 standard. This alternative modulation scheme can 
increase the system throughput to 960 Mb/s with 
outputting constant modulated symbol power, which 
is of great benefit to the AGC and ADC, resulting in 
a successful link of 3 meters in multipath 
environments. Thereby an effective data rate of 480 
Mb/s can be achieved with moderate packet loss, 
even offer a higher throughput for comparable 
propagation conditions.  

 
 
To achieve data rate of more than 1Gbps MIMO 

technology can be used 
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