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Abatract :
The usc of [iber-optic links as the connecting media in wircless microcellular networks

can be provide uniform radio coverage to spatially distributed mobile users in cost effective
manmer. This paper investigates theorctically the performance of fiber distribution system for
mohilz phone networks that uscs a single high power Md:-YAG laser in the base station and
shared by many microcells. Analytical expressions are derived for the bit-¢rror-rate (BER)
floor characieristics and optimum operating conditions. The resclts indicate cleatly that the
Iaser power can be reduced significantly when the modulation index i5 optintized.
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1. Intrpdockion
Transmission of microwave signals aver
aptical fiber has beeti the subject of intense
research for the past three years, mainly due
to large bendwidth and low loss of optical
fiker [1]). In a typical fiber-optic radio link,
the amplitade of an optical cartier from a
laser source at the central stafion 13 intensity
modulated by radic subcarrier sigoals. After
trapsmission  via  optical  fibos, the
modulated  oplical signals e detected,
amplified and radiated al the radio stations
for serving the subcarriers or mobile nsers,
Recently, u lot of efforts have been
devoted into the use of fiber-optic links as

the connecting ifrastructure in witeless
microcellular networks [2,3]. Microcellular
sygtems, composed of small cells of
hupdred meters  dizmeter, are aitragtive for
porsonal coramunication services [4]. The
infroduction  of microcells reduces power
ronsursption and size of the handset, and
utilizes the limited tadio frequencies
effictently and therefore, providing a larpe
capacily [5.6). When a microceliular
network 5 implemented using fiber-fed
distibuted attenna, the recejved radio
frequency (RF) signals at each antenna are
transmitted over a fber-oplic link 1o a
central  base siation where all the
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demultiplexing and signal proccssing are
done.

There are  some  architectures
proposed in the litcrature for microce!lular
tystems incomponating  fiber-optic ks
between  the base station {B8) and (he radio
ponis (RPs) (3,7]. Hawever, these systems
require & lager wmd its mssociated cireuit to
confrol  the laser parmerers such as
temperature, output power, linearity .__ ete.,
at exch EP. Recently, Wu ot al {§] have
proposed En a briel letter a pew [iber
distribution  architecture for microee!ular
fadiv network where 2 single high power
1.3 pm Wd:'YAG laser is employed at BS
aml shared by difforenl  groups of
downsiream signals.  The  system
configuration  with [frequency  rense s
shown in Fig. ! [8] The macruced] is
divided inte Mg x N: midcells and each
mideel] is divided into N, microcells. Here,
My denotes the number of frequency reuse
regions, For each region therc are N;
differert  groups of M-subcarrier radio
stgnals. At P, an opiical coupler is used to
split (he optical power into twi ways: one
for the photodetector of the dowmstream
and the other for the modulator of the
upstreamn sipnals from  the antenna {scc
Fig. 2} 'The structure simplifies the
hardware eomplextty  of BP while the total
numbcr of microcelles in the coverage of
the BEisNpx N a My |

The aim of thi= paper i3 10
irvestigate n details the performance of the
fiber distribution architecture proposed
{81 Analytical expressions are derived to
assess the optimum velues of modulation
ittdex required to maximize the camer-w-
noise (MR at specific vatues of number of
subcarrier signals,

2. System Analysp
For the dewnsteam, the detected
photeeurrent at the RP is given by

i (=R C,P, [1+cosé, {t>nlt) (1}

where
R = Phoiodetector responsidvity,
Cr = Coupling mtio of the opticatl coupler,

P, = Input optical power at the ¢oupler.
&g = M-subcarrier radio sipnal from the BS,
n(f) = Additive noise,

The oupwr power of the Nd-YAG
laser is given by

N NN, P

B= - : 2
* L. L, bl
whete
L. = Insertion [oss of the cxternal amplitude
trnodulator,

Lp = Propegation loss uf Lhe fiber.

The M-subcatrier radio signal is a2
composite microwaye FSK signal gencraned
by modulating individual voltage controlled
oscillators (see Fig. 33 with haseband data
stream.  lhe modulated microwaye
subcartiers are summed, amplified, and
then fed to the amplitude modulater to
modulate the nptical carmet, The composite
migrowave signal can be cxpressed by

8,1 = :Y; B, cosfanf, t+e, (t)] (Kb
ku'

where
f. = Modulation index,
I, = Microwave subcartier frequency.

The FSK information for cach deta chunnel
iz contained in the lerm o, {t] ;

Using equ. 3 nt equ. 1, the
photocurrent  can be described using Bessel
function expansion

i, ((J=RC, P i i

ayw-w Ty =

5, 6.1, (o
I, (f 4o, () +.. oy, (f, t+e, O+ ()
{4)

where ), ﬂ’i:] t5 the nih order Bessel

function of the first kind. In writing equ. 4,
we have neglected the st term in equ. |



since it is ade term wmd henee contping no
information, Further, we have assumed that
B is identical for all the channcls,

The FSK information for a
particular channel is contained in (he firar
order {erm  of the Bessel series [9]. For
exemple, the signal for the qth channel is
found by setting ny =-1 and the rcmaining
indexes b zero [9). The result is

"n, {l}:IRchllufq t+a, I:t}J {5ay

Ia=RC;PrJr(B)-[JIJ{ﬁJ]M_I . (3h}

Note that i, {1}  has the form of an FSK
signal with & center frequency of £, , The
carrier-to-noise tatic (CNR, Mo, can he
expressed as

T _
N, +Ny 1'~1'«’m+M,,,ir

(%

where

M = Shot noise,

Ny = Receive thermal noise,

MNam = Noisc inroduced by thr relative
inensity noise of the lager
souree,

Haes = I arder intermodulation distortion,

Edquation 6 iz written under the assumplions
of

(i} Negligible 2™ order intermodulation
distortion, Thisg agsumption  is
Justified when the transmission band
s limited 1o & sinple cotave [ | oL

(iiy  Negligible adjagent channel
crosstalk,  This  assumption s
Jugtified when spacing s greater
than the bil mte is chosen,

The shot, therma!l and intensity
noide sources can be described by [11].

Nw=2eRC,PB (Ta)

N, - 4N KTEB (7b)
R,

New=RIN(RC, 2.} B )

In equs, 7a-To,

& ~ Elestronic charge,

B = Signal bandwigih.

W = Amplificr noise buere.

K = Bolemann's conatant,

T = Absolute temperanne.

By = Load resistance.

RIN = Rejative intensity noise of the laser.

An expression describing the 3rd
onder intermodulaton distortion g deduced
irom the analysis reported in{10]. For the
system under ohservation, Ny, is described
by

No=0 R C, B [1 @ 45, (P
BF

Where h; is the effective factor of Ird-order
intermodulition power within the desired
signal band and equals 1o 066 for FSK
modulated radio signal [10], The paramcter
ky denotes the pumber of Ird-order
intermodulgtion  producls (IMPs)  falls
directly within the fiequency band of the
channel  under consideration. The largest
number of ky, which falls on the central
channel, is [§]

k,=EB!+1]+RM_3»}1_S] o

4

Where M is agsumed (o be sven, Equation &
can be solved to determine the numiber of
channel M for a specific value of k;. The
result is

B0+ K3 3) i

[

Forks =0, M =2 as expected.

(89)
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The dependance of CWR on optical
power P. can be deduced by subsituting
equs. 7 and B into equ. 6. The resuit is

1
B

2 B,+B,P, +B,F

(1)

Wherc

A= REIOLEMT a2

B, =N KT (126)
R
B,=2eRC, B (126)

B, =RIN.R'C_ B+

Tngie[Re, 0.6 0.0 )

(12d)

Equanon 11 can be salved 1o detenmine the
required optical power P, io achieve a
specific CNR

% B, Xy + \"I{Bl Xy }2 +48, X, [AJ";_B:}ER_}

P,
E(ﬁz_nzxa}
{13)
Equation 13 iz one of the main
resull  of this paper. Ar  important

observation 1o make is that, lor g fixed 31d-
order  intermedulalion  distortion,  Xg
converges to & finlte value when P, — oo,
In other words, even if the signal power is
infinily large, the bit-error-rate (BLER)Y is
finite. This phenumenon corresponds to 50-
¢alled BER floor.

X, =Lim, %xf% X (14)

?

The BER of FSK system is given by [11]

P, =% o, fﬂzﬂ- P, (1)

where  erfed) denotes  error
complemeni,

When BIN is nepligible, equ. 14 is
simplified to

X, =[_1_\| Fn_{ﬂ]} 4 {16}

hak.h' ‘}]f.B]

In most practical cases, [ [s small and
F(B 3 and Ji(P ) can be approximated by 1
and P72, respectively. Then equ. 16 is
approximated to

function

16

:Ih—:‘k;[.’r‘ (17

r

Lquatien 17 reveals that the BER {loor
decreases with incressing the moedulgtion
index B and the mumber of channels M.

3. Optimuem Operating Conditions

Carefif investigation of equs. 6-8
reveals that there iz an optimum valee for
the modulation index P B , that
mazimizes the CNR at a specific value of
Pr. The value of P, can be found by
setting  the derivative of cqu, & with respect
to B to zero. The result is

th+Nlh t[i [’]8}

b iR ¥

where the RIN i= assumed to be negligible
and the Bessel Runctions are approximated

to first order Jo{B = { and J(B =B /2.

At B = B oy, Ng +Np =2Ns4g and hence
ey, 18 can be rewnticn as

S (19)

[=r 8 1

(3h, i, 2,



The maximuem value of CNR achieved at
B = B,y is given by

16
—— 20
(Xp o TN (20)

Equation 19 indicates clearly that [ g is
inversely proportional to the fourth power
of CNR and decreases with increasing the
number of channel.

It is worth to mention here that the
modulation index can be optimized to yield
& minitmum level of P, at a specific value of
CNR. The expressions for P g in this case
arc also described by equs. 18 and 19, The
oplimum value of P, is given by

(r).. J6X, Ny +N,) 218)

_RC B

i [27 i} 1
e —h, kX ¥ [N, N [P (21E
ok LR N

4, Simulation Resulta

Fipure 4 illustrates the dependence
of the larpesi number of the 3rd-order IMPs
{k3), which falis on the centrat channel, on
the number of channels (M} Note that k,
increases dramatically with M. At M=50
(100}, k; approaches 76 (3626). This
indicates  that k; is approximately
proportional to M¥and this result can be
predicted from equ. 9 ender the assumption
aof large values of M.

To assess the performence of the
downstrearn  channets, the following
parameter value are used to simuolate the
following results:

Awplifier noise figure, Ny =4 dB.
Amplifier load resistance, B, =50 ¢hm,
Signal bandwidth, § = 100 KHz.
Relative intensity noise of the laser
Source, RIN = -165 dB/Hx,
Photodctector responsitivity, R=

Coupling ratioc of the optical coupler,
C,=0.5.

(31}

These values yield, a required input opticai
power at the coupler (P;) of —22.96, -28.32,
and —30.6 dBm for §= 0.1,0.2,and 0.3,
respectively, and assuming CNR =20dB
and M=l (ie, absence of 3 rd-order
intermodulation  distortion), Mote that the
receiver sensilivity is enhanced {i.e., I
reduces)  with increasing B when the
intermodulation distortion is negligible.

The dependence of P, on M is
depicted in Fig. 3 for CNR =20 dB and
different values of #. The results indieate
clearly that P, increases rapidly with M and
this effect is more pronowumeed &t large [
At apiven value of M, Py tends to = which
indicates 1he oecurrence of BER. floor. This
characteristic is Hlustrated further in Figs.6
and 7. In Fig.6, we plot the upper limit of
CNE, X that can be used without the
oceutrence of BER floor as e function of M.
Figure 7 illustrates the dependence of BER
floor on M for B - 0.1, 0.2 amd 0.3.
Investigating Figs, % and 7 reveals that the
upper value of M should be limited to 135,
35, end 16 for f = 0., 0.2, and 0.3,
respectively 1o reduce the BER floor below
10 (ie., X;=15.5dB ),

Figure 8 shows the dependence of
the power P, on the modulation index P
and number of channels M for 8 CNR = 20
dB. Investigating this figure highlights the
following fact: There is an optimunt value
for B that minimizes P, and this value is
tore  critical when M is large. The
variations of optimum  value of the
modulation  index Py md  the
cotresponding  minimum vatue of optical
power (Pmn with M are plotted in Figs. 9a
and b, respectively, and for tvo values of
CNE, 15 dB and 20 dB. Note that fom
decrenses with M while (Primin increases
with M. Note further that the effect of CNR
on P oy and (Puin is almost independent
of M. Table-1 summnarizes the main results
drawn from [Fig. 3. Note that for M = 350
apd CMR =20 dB, the optimum value of P,
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is —21.4 dBm. This valuc is 1o be compared
with P, =-25.1 dBm in the absence of Ird-
arder interroodulation distortion. Thus even
& optimum conditions, the power penalty
due tothe 3 rd-order IMPs is a5 high as 3.7
dB for this case,

5. DNigcussion and Canclusions

To take an idea about the optica!
power of the Nd:'YAG laser required 10
support  this  system, we consider the
following parameters

Nj =N2=-4 Ng=25 M =50

insertion loss of the external arnplinede
modulator = I Jog (1/L0=3 dB.

Propagation fiber logs=10 log{1/L,}=4 dB.
(i.e., 1o Km of fiber with loss 0.4 dB).
When  f is optimized, then P, =-
2L.4 dBem i3 needed 10 achieve g CNR - 20
dB. If 5 dB power margin iy allowed for
each optical link, then the output laser
power Py = 46 mW (from equ? 1. Such
level of P, can be obtained easily with
current  Md:YAG laser [11]. The totel
vhannels suppored by above example is
equal to 20000 (4% 4x 25 x 50} channels,

In  summpry, this paper hes
investigated thevretically the performance
of a fiber distribution system for
microcellular radio network. The main
{eature of this system is that it Incorporates
a single laser source at the base station and
shared by many microcells. The results
indicate that the modulation index must be
aptimized to reduce the power requiremen;
of the laser source. The expressions and
simulation results developed here ven be
used a5 a guideline to design this system
under optimum conditions and 1o assess the
influence of intenmodulation  distoriion on
system performance,
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Optirum parameter as a function of M and CNE
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Fig.1: Conceptual diagram for the radio over fiber distribution system
with the flequency reuse scheme (after [7]), where
E/O = electrical 1o optical converter
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Fig 2: Block diagram for the fiber-radio link
where LNA: low noise amplifier,
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------- : Electrical signal
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Fig. 3: Schematic diagram of a subcarrier multiplexed (SCM) system,
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Fig. 5: Dependence of received optical power on number of channels assuming
CNR=204d8.
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Fig. 6z Upper limit of carrier to noise ratio (CHR) as a funciion of number o
channels for different values of modulation index.
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Fig 7: Dependence of BER floor charactetistics on number of channels.
(8) Modulation index = 0.1 .
(7} Modulation index = 0.2,
(e} Modulation index =0.3 .
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Fig, %: Effect of modulation index on received oplical power reguired to achieve a
MR = 20 dE,



