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Resumo — Neste trabalho é estudada a viabilidade da
transmissdo de sinais UMTS, vulgarmente conhecido®mo
3G, em redes do tipo P.O.N. (Passive optical netvks). Para
tal foi desenvolvido um simulador que permitiu mod&r o
sistema e auferir das condicionantes dessa mesma A. Mediumaccess control
transmissdo. Os resultados obtidos validam este tpde

II. UMTS SIGNAL CHARACTERIZATION

transmisséo e permitem evidenciar as limitagcdes assadas.
Abstract —In this work we study the feasibility of UMTS

(3G) transmission over Passive Optical Networks (B.N.). In

order to achieve such objective, it was developedsimulator,

First of all, we must characterize the UMTS trarssiain.
For UMTS transmission, there are 2 diferent bamde
for UPLINK and another for DOWNLINK. The figure
below shows how the spectral allocation is made.

so that we could correctly model the system and colude
about its impairments. The simulation results obtaied
validate this kind of transmission and highlight tre associated
limitations.
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. INTRODUCTION Figure 1-UMTS spectrum allocation

This study is part of a wider project called RaTON
(Radio Techniques over Optical Acess Network), Whic
objective is the development of a structure thaipsuts
3G communications (UMTS) in closed environments (fo
example: tunnels, underground parking lots, etc)ain
transparent manner, and evidencing the possibdity
having a unique standard interface for local aetaorks. oo
For such objective it is proposed to test the saomzept [] NI INInInInEn
of Radio access, namely the 3G, in P.O.N. (Passive s
Optical Networks). In these networks, the infrastmes
are passive and transparent.

One of the major advantages that optical commuinicat
bring to this particular application is based ore th
exploitation of the guided wide bandwidth of lows$o - ' |
available in optical fibres. With these conditioris,is (frequency multiplexing) to control the medium asse
possible to overcome distances that for radio wares ~(MAC). If each connection used an entire chanrfes, t
not possible and at the same time define new number of connections would be limited to 12. Thihe,
environements or networkS. UMTS System uses, not Only FDD, but a.ISO CDMA (COde

To achieve the objective proposed, we started by division multiple access) in each frequency slatkimg a
developing a simulator that allowed us to evalufe  Mixed access system. The media access is made using

In each band there are 12 different channelsgasribed
below.

60 MHz

Figure 2-UMTS uplink band

As shown before, the UMTS system uses FDD

influence of each noise and distortion source. figkhis
into account, it is possible to weight the commitiseto
make viable options available, etc. Aiming that, heve

orthogonal codes (UMTS uses a code sequence called
Walsh-Hadamard) 0. That is, for each slot, evetwac
connection has a unique orthogonal code, so when th

used OSIP software developed in the University of information overlaps from different users, it isillst

Aveiro.

possible to decode each channel. The code lengibsva
from 4 to 256 chips per bit (i.e.1 bit is expanded up to

256 chips), depending on the number of accesses
requeried 0. Taking all this into account and sieagh

slot has 3.84 MHz of bandwith, it can be seen that
number of connections and bandwith allocated farthea



one are inversly proportional, as depicted in thble
below (Figure 3).
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Figure 3-Bit rate vs number of users 0

B. Coding and modulation

As explained before, the transmitted informatiosses
through a codification process called “Channel@sdgti
which consists of making the information orthogonal
described above. Afterwards, two more operatiores ar
made:

- Scrambling (using “Gold Codes”): as we know,
Walsh-Hadamard codes efficiency is highly
dependent on its synchronization. In fact, code
words are orthogonal to each other only, and ifonl
they are perfectly synchronized. In real applicagio
this synchronization is illusory. A scrambling
operation is applied to information, so that cross
orthogonal properties are passed to data 0.

- QPSK modulation: after codifying the information
with the necessary requeriments, comes
modulation  operation. UMTS uses QPSK
modulation with carrier frequency around 2 GHz
(depending on uplink/downlink and frequency slot

used) 0.
F . F L Frequéncia do
o | cut | Teviec | Eeateh | oty
Jor =S~ JIr
Canal 1 19225 MHz 21125 Mz 15425 MHz
Cperader & | Canal 2 1927,5 MHz 21175 MHz 15475 MHz
Clanal 3 19325 MH= 21225 MHz 15525 MH=
Clanal 1 19375 MHz 2127,5 MHE= 15575 MHz
Operador B | Canal 2 19425 Mz 2132,5 MHz 15625 MHz
Clanal 3 15475 MHz 21375 MAz 15675 MHz
Clanal 1 19525 MH= 2142,5 MMz 15725 MH=
Cperador C | Canal 2 19575 Mz 21475 Mz 15775 Miz
Clanal 3 19625 MHz 2152,5 MHz 15825 MHz
Clanal 1 1967.5 MHz 21575 MHz 15875 MHz
Operador D | Canal 2 19725 MHz 2162,5 ME= 15925 MHz
Canal 3 19775 Miz 21675 MHz 15975 Miz

Figure 4-QPSK carrier frequencies for UMTS 0

C. Multilevel CER/BER

The overlap of information from different conneciso
leads to a multilevel signal. From this point, stdlear

the

that a typical quality factor (Q) analysis cannet done
to the chip error rate (CER). To analyse this ngmad,
the new approach must take into account the differe
transitions between the n+1 levels of the signan(fn
signals present and added). Considering the sthsgs
had been referred before, each transition will haveye
diagram associated (for example, if 3 signals veeided,
there would be 4 possible levels, corresponding to
transitions and 6 diferent eye diagrams).

Figure 5-Eye diagram (multilevel)

So, each transition (eye diagram) will correspomcam
error probability and to a transition probabilityhis
transition probability will depend on the numbercbips
present in the generic levels: m and m+1. Theretbis
transition probability can be calculated by:

2xN_xN_
PTRANSTION ( n ) = N—l
TOTAL

Where Q represents the quality factor 0 associated to
transition n.

Also notice here the factor 2, as it must be takeo
acount transitions from m to m+1 and m+1 to m (drat
numerically equal).

Then, the final CER will be given by:

CERgra = Z Perror (Qn ) X Prransmion (Qn)

This, results from the product of the different
contributions (present in P(p and weights (represented
by Pransiiong Of the several eyes by the error probability

associated to each eyB(. .(Q,) = %erfc(Q/ ﬁ)) .

Similarly to CER, also BER can be estimated. lfais
simpler process; all that has to be done is to dieco
information. To calculate its Error probability,nitust be
taken into account that the final signal will b& devel
signal, so a typical and simple Q analysis is [sg.

It should be noticed that all this analysis isyovdlid if
the coded UMTS signal plus the noise follows a Giurs
distribution, wich is going to be analysed latesaction
Il



. SIMULATION

A. Schematic

After a brief discussion on UMTS characterizatians

same frequency slot, using different channelisatioes).
Taking this in account, 2 different simulation pedares
were followed:

- The first used consecutive frequency slats, the
interfering of different slots could be measured;

- The second, with slots apart from each other, to

now time to describe the simulation and present themeasure the interference of the different connastin the

results. As refered previously, the optical sinodatsed
was OSIP. This simulator is a software (built oMatlab)

in continuous developement at Universidade de Aveir
since 2 years ago. The latest version providesrge la
number of different optical blocks with a graphiterface.

In order to simulate the 3G signal transmissiomneso
UMTS blocks were developed in addition to those
available in OSIP. The simulation schematic is shanmv
the figure below.
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Figure 6-Simulation schematic

Looking to the schematic, some considerations rhast
made. First of all, all the blocks that are conedcto
block DCSUM represent the UMTS signal generation.
The laser will be modulated by the generated sjgrsihg
an AM modulator. Afterwards, the modulated optical
carrier is sent over the fiber and received in the
photodiode. The next step consists on demoduldtieg
QPSK signal, so CER estimation can be computedhet
end, in order to estimate BER, the signal is deddfiest
unscrambled, and then unchannalised).

B. Smulation parameters

First of all, there are several variables to begassl in
the simulation. The most important is the allogatio the
frequency slots of the different connections (ses)e
Since the target implementations require a limitachber

of connections; a number of 5 connections has been

considered adequate for this purpg8eof them in the

same frequency slot, using different channelisatimaes.
For the remaining simulation parameters, namebgeh
related to optical elements, we considered typiahles.

C. Smulation results

First of all, all the theorical analysis made beftw CER
and BER is only valid if the resulting signal pretsea
Gaussian distribution. In order to prove this, 10
connections were overlapped (the number of conmesti
represents here the amount of information flowirgnf
different sources). The resultant histogram, asvehm
the figure, proved the assumptions made earlier.
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Figure 7- UMTS signal distribution

Simulating now the system described before, conisige
a Laser Power of 10 mW, we have obtained the fatigw
results for CER and BER as a function of the fileegth
(figures 8 and 9). For a Laser Power of 100mW,GE&R
and BER values obtained were the depicted in fgd@
and 11.
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Figure 8- Consecutive channels with Laser Powerm¥0
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Figure 9- Separated channels with Laser Power 280 m
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Figure 10- Consecutive channels, Laser Power =1\00 m
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Figure 11- Separated channels with Laser Power #1\80

Analysing the obtained results, it can be conetlthat
the system has an acceptable error probability a6l

km. After that, the quality of the response in temwf Error
Probability decreases, and by 300 km it is overwivg]y.
The difference between 10 and 100 mW in the laserep
results in aproximately one order of magnitudeeims of
error probability and therefore its value will be a
compromise, depending on the system characteristics
demanded.

IV. CONCLUSIONS

In this paper, we tried to prove the feasibility 3G
signals transmission over PONs. The simulation ltgsu
proved that the transmission can be done with ativel
low and acceptable BER, and the information caisdre
on a transparent basis. Taking into account thécagion
purposes of the study, the optical fiber distarfataioed is
quite satisfactory, with distances as far as 100 khe
study is presently being completed with laborattsts,
so that simulation results can be confirmed.
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