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Abstract—In this paper we have considered the downlink  divided into number of frames\y) each with equal duration
multimedia transmission with Direct Sequence-Ultra widetand of (Ty). Further each frame duratiorT) is divided into
(DS-UWB) [1] communication system. We have evaluated number of chips(N.) of duration (). During each chip

performance of DS-UWB system under multiuser scenario. We . . S .
have investigated performance of the system under synchraus period (/) UWB radio signal, which is Gaussian pulse or

and asynchronous transmission. We have discussed the effec itS derivative is transmitted depending upon unique TH code
of orthogonal and non-orthogonal code selection with effeaaof UWB signal comprised of sub-nano second duration pulses.

ai\l;f\?éem_ LJWB pU'ie sele(I:tiond. Also the pef{jOfminﬁ_eHO;A?wS- A sequence of pulsesVy) are used to encode a transmitted

with non-ort ogonal coae Is compare wit - _ : 4

UWB [2]. We have considered AWGN and UWB channel model symbol. In TH PPM uwB pulse W'." take addltlonall d.elay

for simulation. of § at the beginning of chip duration when data Hit is
transmitted. In TH-PAM instead of using shift &fantipodal

Keywords-UWB; Synchronous-Asynchronous transmission; signal is used for data bit’ and’0’

UWB channel model.

In this paper, we have considered DS-UWB [1] method as

I. INTRODUCTION a multiple access technique for multimedia transmissioa. W

have considered downlink communication under multiuser
environment. In this situation each user signal is idemtifie

[4]as in principle, it uses the extremely short pulses fghhi with unique Pseudo random (PN) code. Here we investigated

speed data transm|SS|on.. U_WB.pro.rmses to provide effecuv?[]e performance of multiuser UWB system with DS-UWB
high speed data transmission in wireless personal area net-

works (WPAN) [5], [6]. In future WPAN networks (IEEE under synchronous and asynchronous transmission. Also the

802.15.3a, IEEE 802.15.4a), UWB will be the candidate afTcct Of selection of orthogonal and non-orthogonal code
i : . .1s discussed with both the transmission schemes. Effect of
physical layer for enabling several Mbps data rate, which is : o ;
A i selection of UWB pulse shape is discussed. Finally we
quite higher than Bluetooth’s data rate.

FCC assigned unlicensed spectrum of 3.1 GHz -10.6 GH?aVe compared performance of DS-UWB multiuser system

for UWB communication [7]. Signal with the fractional \(’:Vc')t(;'eZH'PAM UWB multiuser system with non-orthogonal
bandwidth B¢) of more than 20 % at -10 dB emission '

points is considered as a UWB signal. Where fractional Paper is organized as follows, In Section I, we have
bandwidth is defined as a ratio of signal bandwidth to itsdiscuss the general scenario for downlink communication
centre frequency. New industrial definition for UWB signal with multimedia transmission under multiuser environment
is the signal which occupies bandwidth of more than 500n section Ill the system model for DS-UWB is discussed. In
MHz in assigned frequency range, is considered as UWBection IV we have described the system model for TH-PAM
signal [7]. For multiple access in UWB literatures [3], [8] UWB. Section V discusses different UWB channel model.
suggest method based on Time Hopping (TH) techniqueln section VI we showed simulation results with AWGN
This access technique can be used with Pulse Positioand UWB channel for synchronous and asynchronous trans-
Modulation (PPM) or Pulse Amplitude Modulation (PAM) mission. Also effect of selection of code is discussed in
technique. Depending upon modulation scheme TH UWBdetail. Performance comparison with TH-PAM UWB has
signal is known as TH-PPM UWB [9], [10] or TH-PAM been discussed in section VI. Finally in Section VII, we
UWB [2]. Also Direct Sequence UWB (DS-UWB) approach conclude our work and discuss future scope in Section VIII.
proposed in [1] is same as TH-PAM UWB except minor This work is an extension of our previously published paper
difference. In all TH-UWB method single bit duratiofh;) is  [11].

Ultra wideband (UWB) was known as Impulse radio [3],
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[I. MULTIMEDIA TRANSMISSION SCENARIO FORUWB B. Receiver Configuration for DS-UWB

COMMUNICATION Received signal is contaminated by multipath fading and

Figure 1 shows multimedia transmission scenario withAWGN which is given as

UWB for multiuser environment. where different users (or oo

Multimedia devices) data is transmitted by UWB device. r(t) :/ h(r,t)s(t — 1) dr +n(t)

Here, we have considered that this UWB device transmits 0

data by, DS-UWB [1] or by other TH access technique [2], Whereh(r, t) is channel response,(t) is AWGN ands(¢)

[9], [10]. We considered that this UWB device transmits datais

under two cases as synchronous and asynchronous transmis- N e N1

sion. This UWB device adds all users signal and transmits _ (k) .

information together over downlink channel. Hence UWB s(t) = Z Z Z di"w(t = jTy)

device itself adds multiuser interference (MUI) in system.
To make uniformity throughout discussion we have con-V is total number of users in the system. For synchronous

sidered all multimedia devices data as different users datifansmissionr is zero. Here receiver is correlation based

and performance is discussed by considering multiuser erfeceiver as described in [1]. In which locally templafe) is

vironment for multimedia transmission. generated and data is recovered by correlation receiver- Te
platep(t) is defined a®(t) = > w(t — jT}). Correlation
Printer |* . J=0

k=1li=—o0 ;=0

Th
receiver outputZ which is defined ass = [ r(¢)p(t)dt.

Scanner Using z decision is made in favour of transmitted data bit.

uws —> After this particular user data is demodulated by cdd¥(.).

PC

Other Device

source IV. TH-PAM UWB SYSTEM

Plotter

A. System Model for TH-PAM UWB system

HDTV . In literature [2] TH-PAM UWB system is considered for
UWE - . Ultra wideband communication. In TH-PAM UWB single
Chanmei—T—  Multimedia bit duration (3) is divided intoN; number of frames each
Figure 1. Multimedia Transmission scenario foP@W%ommaﬁbn. with equa| duratiorﬂ“f, soTy = Nfo_ Further each frame
is divided into N, chips with chip duration off, such that

N.T. < Ty. During each frame UWB pulse is transmitted

1. DS-UWB SYSTEM which is either Gaussian monocycle or Scholtz Monocycle.
UWB pulse occupy one chip slot depending on time hopping
A. System Model DS-UWB codec; which can take value such that< ¢; < N, — 1.

During each bit durationV; UWB pulses are transmitted
by TH-PAM transmitter. For modulation antipodal pulses
"Yre used. TH-PAM UWB signal is represented as

For Ultra wideband transmission, DS-UWB multiple ac-
cess scheme is proposed in [1]. In DS-UWB one bit duratio
(Tp) is divided into number of frames\y) each with equal

duration (’y) such that7,=N; Ty. During each frame oo Ng-1
UWB pulse is transmitted which is Gaussian monocycle or (%) (t) = Z Z dgf))w(t —jTy — c§k)Tc)
Scholtz Monocycle. This pulse is a subnano second pulse. i=—o00 j=0

In Multiuser environment DS-UWB signal is represented as
Where S*)(.) is k' user signal,d(f) is k" user bipolar
oo Nyl data, Ny is number of frames per bit and(.) is UWB

sB)y= > 3 diw(t — jTy) pulse.

. B. Receiver Configuration for TH-PAM UWB system
s®) () is kth user signald™ is k™" user bipolar spreaded
data, which is defined adl(.k) = bgk)cf.k). Where bgk) is
kth user raw data and\*) is k" user codeN; is number
of frames per bitw(.) is UWB pulse. Before transmission Y
UWB device combines the entire users signal. r(t) = /0 h(r,8)s(t — ) dr +n(t)

Received signal is contaminated by multipath fading and
AWGN which is given as
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Whereh(r,t) is channel response,t) is AWGN ands(t)  Here,T,, is time of arrival forn'® cluster andr;, _; is time

is arrival of (n — 1)** cluster. In each cluster the multipath
N oo Nj-1 components of same pulse is also model as a Possion process
s(t) = Z Z Z dEi))w(t — Ty — c;_ )Tc) with arrival rate ofA as,

k=1i=—o00 j=0

N is total number of users in the system. Here receiver is P(TnilT(n—1yi) = AeATni=T(n 1)) 3)
correlation based receiver. In which locally templafg)

is generated and data is recovered by correlation receiver©€7ni iS time of arrival of then'” pUIth'” thei*” clug'igr
Correlation template(t) for k" user is defined as, andr(,,_y); is time of arrival of the(”__l) pulse in thei
cluster. The gain of the!” pulse ini*" cluster is complex
Nyl random variable as
p(t) = > w(t—jTr — T
§=0
Correlation receiver generate outpfét which is given as Ani/ Oni “)

™ with
z = [ r(t)p(t)dt. Using =z decision is made in favour of '

2

transmitted data bit. 2An; E[‘i”?‘z]
In DS-UWB and TH-PAM UWB, we have considered P(Ani) = ————7¢ " ®)

AWGN channel so for equiprobable binary symbols corre- E ['A"il }

lation receiver gives optimum results. and

V. UWB CHANNEL MODEL p(On:) = L vitho <0, <or ©6)
In wireless channel multipath fading [12] will take place 27
due to scattering, reflection and refraction. This fading ca Here
be slow fading or fast fading, which will change parameter 2 2] _Tn _zni
of received signal envelopegand phase. This f%adiﬂg problem E ['Am| } =F ['A()O' } e re (7)
is more critical in indoor channel due to presence of many 4 . is the energy of the first path of the first clustér,
scatterers. So perfect channel modelling is required fog}md7 power decay profile for cluster and components within
improving performance of receiver. cluster respectively. IEEE working group has suggested
By considering the assumption of static scatter the Chansome variation in this SV model to make it more realistic
nel impulse response(CIR) for time-invariant channel ischannel model for UWB as, multipath gain amplitudes
given as, are considers as log-normal distributed. The UWB channel
model is described as,

N N K(n)
h(t) = Zoan&(t —Tn) 1) W) =X Y " anid(t — Ty — k) (8)
= n=1 k=1

Here N is number of multipath components, is attenu-
ation forn!* path andr,, is delay forn!” path. In UWB the
channel model is based on Saleh-Valenzuela model [13].

X is log-normal distributed which represent the gain of
channelN is number of clustersK(n) is the number of
multipath components of same UWB pulse within tN&"

A. UWB channel model recommendation by IEEE 802.15.35/USter. ax is magnitude of component V" cluster.
working group T, is delay of component inV*" cluster. The channel

coefficienta,, = £(1)nxBnk , Whered,;, is the log-normal

IEEE 802.15.3a working group has suggested channgjisyibyted channel coefficient of multi-path componeits
model for indoor UWB communication. This model should ¢ | ster NG, is defined as3,, — 103 Where z,

be used for evaluating the performance of different physica,g ssumed to be a Gaussian random variable with

layer proposal. This proposed model is based of inlouFnean anderk variance. The random variablg,;, is further
given by [13]-[21]. UWB channel model is cluster baseddecomposn

ed as,
model. In this model(SV model) the same pulses multipath
components are grouped in to cluster. This cluster arr&val i Tnk = Unk + &n + Gk (9)

modelled as a Possion process with arrival rate\ afs, ] ] ]
Where¢,, and,,,;, are two Gaussian random variables which

represent the variation of the channel coefficient on each
P(T,|Th_1) = Ae A Tn=Tn-1) (2) cluster and in each path within cluster respectively.
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Finally channel model of UWB channel is described by, more fingers required to consider for achieving good SNR

at receiver.
N K(n)

h(t) - X Z Z Oénk5(t -T, — Tnk) (10) Poml.fer Delay Pr?ﬂle | |

n=1 k=1 ; | —— PDP for UWB channel model A |:

With following parameters, 12 pqemmmamanasy SRR L A 4
The cluster arrival rate of : : : E E
UWB pulse arrival rate with in cluster i& L S B e e y
Power decay profile of cluster and pulse with clusterf'is i i i i i
and i e e R
The variance ofs? and ¢? for variation of fluctuations | ; ; | ;
of channel coefficient for cluster and pulse within cluster il P FRSRARSER R R R R R e 7
respectively. ; ] ; : |
This parameters are defined for different four cases o 1 T I 1
UWB communication as mentioned in table | below, ' ' '

Table |
PARAMETERS FORUBW CHANNEL MODEL

Lo i it i i

3 4 5
Case A A T v o¢ o¢ Time [in sec] X 10"

Case A 0.0233 25 7.1 4.3 3.3941 3.3941 Figure 2. Power Delay Profile for Channel model A, LOS (0-4.mt)

Case B 0.4 0.5 55 6.7 3.3941 3.3941

Case C 0.0667 21 14 7.9 3.3941 3.3941

Case D 0.0667 2.1 24 12 3.3941 3.3941

Power Delay Profile

N . I —— PDP for UWB channel model B |}
Here Case A is Line of sight(LOS) communication be- : Ori 8 a”n? ol

tween transmitter and receiver with maximum separatior
between them is 2 meter, Case B is Non line of sight(NLOS
communication between transmitter and receiver with max ; | ; | ; :
imum separation between them is 2 meter, Case C i 45/ .|| . A N S R 4
NLOS with 8 meter of maximum TR separation. Case D ' ' ' ' ' '
is Extreme NLOS multipath channel with maximum TR
separation of 8 meter. Based on IEEE 802.15.3a chann
model recommendation, figure 2, 3, 4, 5 illustrate the
four typical power delay profile (PDP) of UWB channel ; ; ; ; ;
model. From this PDP it is clear that in channel model cas¢ 0511 e i annnannia ] en e fsnnnanai i 7
A the first received component has highest energy compare : ’ : '

Power [\;‘2

to subsequent component. So in this case if we use partii I,|L4.Lu..n “ | i
RAKE with lower fingers then we can expect good result. 0 3 4 5
From figure 3 it can be seen that near to several stronge Time [in sec] x10°

peak smaller peaks are surrounded. This indicates thafigure 3. Power Delay Profile for Channel model B, NLOS (0- 1)-"‘
channel response is combinations of the several overlgppin

clusters. Also the strongest peak is not first one but is can

occur at any position in sequence due to reflections from VI. SIMULATION RESULTS

scatterer. So here partial RAKE will not give expected resul Here we have investigated performance of DS-UWB
but we have to select the strongest component in clustesystem under synchronous and asynchronous transmission
hence SRAKE is required to use. From channel model Gvith orthogonal and non-orthogonal code. We investigated
figure 4, it can be seen that here channel is more tim@erformance under AWGN channel. Bit error rate is used
dispersive. Components are available up to around 70 nseas performance comparison criterion. Also performance of
while in case A and B it is available up to around 40 nsecDS-UWB is compared with TH-PAM UWB [2] with non-
This indicate that here we have to use selective RAKE tmrthogonal code. For DS-UWB simulation parameters are
achieve desired result. From figure 5 it can be seen thahown in Table 1. For TH-PAM UWB simulation parameters
channel in this case is more time dispersive and componengse shown in Table 2. In both the cases performance is
are available till 150nsec. So here the effective data raésg evaluated with Gaussian pulse shape and Scholtz monocycle
down to achieve the ISI free communication. In this caseas a UWB pulse.
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Power Delay Profile Table I
T T T T T T SIMULATION PARAMETERS FORDS-UWB SYSTEM
S e | I P i---.| — PDP for UWB channel model C ||

DS-UWB Parameters

Number of users 2 and 8

Data rate 62.5 Mbps
Number of frames §/y) 8
Frame durationTy) 2nsec
UWB pulse duration 1) 0.5nsec
Pulse shape factar] 0.25nsec

Async. transmission Delay < 2nsec

Fower [\/2]

Table Il
SIMULATION PARAMETERS FORTH-PAM UWB SYSTEM

TH-PAM UWB Parameters

Number of users 2and 8
Data rate 62.5 Mbps
Number of frames §/y) 8
. : L Frame durationT}) 2nsec
Time [in sec] x10° Number of chips V) 3
Figure 4. Power Delay Profile for Channel model C, NLOS (4 td)8m Chip duration T%.) 0.67Tnsec
UWB pulse duration 1) 0.5nsec
Pulse shape factar] 0.25nsec
Power Delay Profile Async. transmission Delay < 2nsec

—— PDP for UWB channel model D ||

6 and 7 we can see that almost same performance is achieved
in DS-UWB with orthogonal code under synchronous and
asynchronous transmission. If numbers of users are more
than eight then system performance degrade as code would
lose its orthogonality property as number of frama&$s) are

eight in DS-UWB. Under asynchronous transmission if the
asynchronous transmission delas) ill more than frame
duration (Her&nsec) then performance also degrade.

Figure 8 and 9 shows performance of DS-UWB with non-
orthogonal code under synchronous and asynchronous trans-
mission respectively. From figure 8 it can be seen that system
performance degrades by large amount under synchronous
transmission. From figure 8 it is clear that non-orthogonal

y : o
,  Pmegnsec] x10"  code should not be selected under synchronous transmission
Figure 5. Power Delay Profile for Channel model D, extreme SL@p

Also it can be seen that with Gaussian UWB pulse shape
improvement factor is almost 1 dB compared to Scholtz
monocycle as UWB pulse. In figure 9 performance under
asynchronous transmission is shown with non-orthogonal
Figure 6 shows performance of DS-UWB with orthog- code. Here almost 2dB improvement is achieved with two
onal code under synchronous transmission. Here it cansers compared to eight users case with both, Gaussian and
be seen that with compared to two user case almost Hcholtz UWB signal. From figure 7 and 9 it can be seen
dB more power is required when number of users arghat DS-UWB system performs better with orthogonal code
eight in system with Gaussian pulse as a UWB signalunder asynchronous transmission.
When Scholtz monocycle is considered as a UWB pulse Also we have compared performance of DS-UWB with
almost same behaviour is observed. When Gaussian pul§éH-PAM UWB [2] with non-orthogonal code. Here Gaus-
shape is selected, under both the cases of two and eighian pulse shape is considered as UWB pulse for comparison
users performance is better compared to Scholtz monocyclen both the cases. Here we evaluated the performance for
This improvement factor is around 1 dB. Figure 7 showsnon-orthogonal code. To accommodate large number of user
the performance of DS-UWB with orthogonal code underunder orthogonal code we need to select more chips/frames
asynchronous transmission. Here almost same performaneéich actually puts limitation on effective data rate. In
is achieved with two and eight users under selection offH-PAM UWB number of chips §.) are three and to
Gaussian UWB pulse and Scholtz UWB pulse. From figureaccommodate eight users with orthogonal code require eight

to 8 mt).
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BER for DS-UWB with Orthogonal code under Synchronous transmission(2 & 8 u: . L
10° . . . . . . . . . BER f%r DS-UWB with Non-Orthogonal code under Synchronous transmission(2 & 8 users

—%7— 8 users Average BER(Gaussian Pulse) 10 ' " T ! i J

—O— 2 users Average BER(Gaussian Pulse) :

—#— 8 users Average BER(Scholtz Monocycle)
< —~A— 2 users Average BER(Scholtz Monocycle)
T 10T <
a 10 4 £
Q a
g 2 4

5 .-
8 % 10 b
8 8
— o
5 10 E %
S g
o 5
G &
5 2 107°F E
] 10° E g
< g —%— 8 users Average BER(Gaussian Pulse)
< —6— 2 users Average BER(Gaussian Pulse)
—#— 8 users Average BER(Scholtz Monocycle)
» —&A— 2 users Average BER(Scholtz Monocycle)
10 i i i i i i i i i B
-1 0 1 2 3 4 5 6 7 8 9 10° i i i : : :
[Eb/NO] in dB -2 0 2 4 6 8 10 12

[Eb/NO] in dB
Figure 6. Avg. BER with orthogonal code and Synchronousstrassion. ) )
Figure 8. Avg. BER with Non-orthogonal code and Synchrontraas-

mission.
BEROfor DS-UWB with Orthogonal code under Asynchronous transmission(2 & 8 users)
10 T T T T T T T T T
—¥— 8 users Average BER(Gaussian Pulse) BER for DS-UWB with Non-Orthogonal code under Asynchronous transmission(2 & 8 users
—6— 2 users Average BER(Gaussian Pulse) 10° . . . : ‘

—#— 8 users Average BER(Scholtz Monocycle)
—&A— 2 users Average BER(Scholtz Monocycle)

10

-1

10 °F
-2

10

-2

10

107}

Average BER over 100 sample path

-3| | —%— 8 users Average BER(Gaussian Pulse)
—©— 2 users Average BER(Gaussian Pulse)
—#— 8 users Average BER(Scholtz Monocycle)

10

Average BER over 100 sample path

-4

10 i i i i i i i i i —A— 2 users Average BER(Scholtz Monocycle)
-1 0 1 2 3 4 5 6 7 8 9
[Eb/NO] in dB 107 ‘ ‘ ‘ ‘ ‘
} . . -2 0 2 4 6 8 10
Figure 7. Avg. BER with orthogonal code and Asynchronousgraission.

[Eb/NO] in dB
Figure 9. Avg. BER with Non-orthogonal code and Asynchranou
transmission.
chips (V.) which is not possible for the case which we
have considered here in simulation. In TH-PAM UWB,
selection of orthogonal code is possible if we select eighthave consider perfect equalization of UWB channel. Figure
chips (V.) by reducing data rate in system (parameter in12 and 13 shows the performance of DS-UWB with UWB
Table 2). From figure 10 we can see that DS-UWB performshannel model A and B. Figure 12 shows the performance of
better compared to TH-PAM UWB under synchronous andJWB system with two and eight users under asynchronous
asynchronous transmission. Under asynchronous transmigansmission with non orthogonal code as a signature wave-
sion this improvement factor is of 1dB with eight users. Forform. Except the synchronous transmission all parameters
less interfering signals this improvement factor will bermo  for simulation is same in Figure 13 as 12. From Figure
Figure 11 shows performance of DS-UWB under different13 it is seen that under synchronous transmission for better
users condition with orthogonal and non-orthogonal codeperformance orthogonal codes are required.
with synchronous and asynchronous transmission. Figure 14 and 15 shows the performance of DS-UWB sys-
Figure 12,13, 14 and 15 shown performance of DS-UWBtem with UWB channel model C and D. Same observation
with Different UWB channel model. Here in simulation we as channel model A and B is seen here.
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BER com&)arison between DS-UWB & TH-PAM with Non-Orthogonal code for Sync./A A\ég. BER with Non Ortho. code & Async. Trans. with UWB channel model A and B
10 T T T T T T 10

T T T T T T T T

—7— 8 users Average BER Ch. Model-A
—O— 2 users Average BER Ch. Model-A|

P

4
4

£ 10 F M E < —#— 8 users Average BER Ch. Model-B

g g 10™ :| —&A— 2 users Average BER Ch. Model-B|: :{
2 2

1S £

8 107 3

o 10 i o

= S

3 5 10 E
> >

o 3 o

g0y -

(0] (4]

& g

% _4|| —%— DS-UWB Synchronous transmission (8 user) % 10°F E

H
o
;
o~
;

—6— DS-UWB Asynchronous transmission (8 user)
TH-PAM Synchronous transmission (8 user)
—&— TH-PAM Asynchronous transmission (8 user)

-5 i i i i i i 10

4 i i i i i i i i

10

-2 0 2 4 6 8 10 12 0 1 2 3 4 5 6 7 8 9
[Eb/NO] in dB [Eb/NO] in dB
Figure 10. Avg. BER comparison with TH-PAM and DS-UWB withnsy Figure 12. BER Performance with different users under Noth®rcode
and Async. transmission(8 users). with Async. Transmission (UWB ch. Model A B).
BER for DS-UWB with diffrent users condition for (Eb/N0=7dB) Avg. BER with Non Ortho. code & sync. Trans. with UWB channel model A and B
0
10 . . . . . 10 T T T T T T T T
—7— BER for Non—orthogonal case with Sync. transmission —%— 8 users Average BER Ch. Model-A|
—A— BER for Non-orthogonal case with Async. transmission —©— 2 users Average BER Ch. Model-A|

—#— 8 users Average BER Ch. Model-B
—A— 2 users Average BER Ch. Model-B

BER for Orthogonal case with Sync. transmission
—&— BER for Orthogonal case with Async. transmission

10

Average BER over 100 sample path
Average BER over 100 sample path

107 i i ‘ ; ‘ 1072 ; j j j j ; j ;
2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 9
Number of Users [Eb/NOQ] in dB
Figure 11. BER Performance with different users under difie code ~ Figure 13. BER Performance with different users under Noth@®rcode
with Sync and Async. transmission. with Sync. Transmission (UWB ch. Model A B).
VIl. CONCLUSION codes are used under synchronous transmission. Under same

situation system performs little better with asynchronous
Here we have investigated performance of multiuser DStransmission. Also DS-UWB system perform better com-
UWB system with orthogonal and non-orthogonal codepared to TH-PAM UWB in multiuser environment. Non-
under synchronous and asynchronous transmission. BER @thogonal code with higher spreading factor can be salecte
evaluated for each case with AWGN channel. Here it isin multiuser DS-UWB system when all users transmit data
seen that DS-UWB system performs equally with orthogonalinder asynchronous transmission. In multiuser environmen
code under synchronous and asynchronous transmissioasynchronous transmission is the more general case so in
When asynchronous transmission is considered in DS-UWBnultiuser DS-UWB system non-orthogonal code can be
with non-orthogonal code, almost 2dB improvement ischosen for increasing the capacity. Gaussian pulse shape
achieved with two users compared to eight users case. Sygives better performance compared to Scholtz mono cycle as
tem performance degrade drastically when non-orthogondlWB pulse. For synchronous transmission orthogonal code
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