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Dynamic Range Requirements for Microcellular
Personal Communication Systems Using
Analog Fiber-Optic Links
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Abstract—Fiber infrastructures in future personal commu- viable PCS backbone [1]-[3]. This infrastructure is discussed
nication systems (PCS’s) must minimize remote antenna size jn Section V of this paper.

and cost, and facilitate system maintenance and upgradeability. Th ; ; ;
’ : X ere are a variety of advantages to centralized processing.
These goals can be met by a centralized PCS infrastructure 9 P 9

using analog fiber-optic links. It is essential that the relationship Some of these include [3], [4]'. 1) SlmpIICIFy. there is no

between optical-link quality in terms of spurious-free dynamic need for RF frequency conversion or receiver hardware at
range (SFDR) and PCS quality of service be accurately quantified the remote antenna; 2) potential hardware savings at the
so that optical device and other infrastructure design require- pase station: since busy hours for downtown and residential
ments can be determined. This paper presents a comprehensivegeas served by a base station may be quite different, only
wireless/optical simulation model which combines wireless system . .
characteristics (such as fading, cochannel interference, diversity, enoth_ receiver ha_rdware to handle the bUSIQSt hour across
and power control) with the noise and nonlinearities of fiber-optic the entire base-station coverage area is required at the base
links. Results of the simulation indicate that representative SFDR  station, instead of the full complement of receiver hardware

requirements Iog fiber infrastructures in PCS systems are in the gt each remote antenna; 3) repairs and service upgrades at
72-83 dB Hz*/* range. The impact of varying environmental 5 centralized location are most convenient and cost effec-

characteristics as quantified by distance loss and shadowing tive; and 4) dynamic RF carrier allocation can potentially be
variance is between 7-10 dB. A larger distance loss or lower =™’ y P y

shadowing variance result in lower SFDR requirements. The implemented from a centralized location.

required automatic gain control (AGC) accuracy decreases as  The primary disadvantage of this infrastructure is that the
the SFDR increases. These results indicate that either distributed signal traverses the fiber in analog form. Since detection of
feedback (DFB) or Fabry—Perot (FP) semiconductor laser diodes the desired voice/data is not performed until the RF signal
can be used in the implementation of PCS infrastructures. is received at the base station, the noise and nonlineari-
Index Terms—Analog fiber, dynamic range, fading, infrastruc-  ties generated by the optical transmitter and receiver will
ture, laser, PCS, power control, SFDR, wireless. combine with interference and multipath from the wireless
environment to degrade PCS quality of service. The severity
I. INTRODUCTION of this performance degradation determines the performance

: L requirements which must be met by the optical devices used
HE goals of m|.crocellular pgrsonal_com_mumcatmn SYSH the infrastructure.
o) e S oy e o T S0 o s paper s o sl sty e reaion
of a combination of services such as voice ,data fax agﬁlp betwe(_an optical-link quality, as quant|f_|ed by spurious-
' ' ' E'ree dynamic range (SFDR), and PCS quality of service. To

video. To provide such enhanced services with high quaha\{%hieve this goal, a comprehensive wireless/optical model has

of service, PCS providers must use a remote antenna densi . . .

n developed which combines the simulated performance of
of tens, hundreds, or even thousands of antennas per squar , . s

core’s Wireless/Personal Access Communication System

kilometer. This antenna density enables the accommodatiorh IACS/PACS) with the noise and nonlinearities of fiber-
more subscribers per unit service area and the use of smaog{ic links. This paper extends previous literature [1]-[3] by

and lower power handsets. taking into account the impact of characteristics of the wireless
To reduce the cost of PCS deployment, it is essential tha{( g P

. . . System and environment. These characteristics include fading,
each microcell be served by a compact, relatively mexpenswé ; : : .
shadowing, selection diversity, and power control.

remote antenna. A large number of these remote antennas Cap o paper is organized as follows. Section Il contains a

then be connected via optical fiber to a single base StatiBHef background on the SFDR of analog fiber-optic links.

gt an economical Iocatlor!. We refer tp th_|s type of flbeA%ection Il contains a brief background on the WACS/PACS
infrastructure as a centralized processing infrastructure. An . . .
stem. Section IV presents the PCS simulation model.

. . X 5
infrastructure of this type has been widely proposed asSytlaction V describes the interaction of the PCS air interface (or

Manuscript received December 6, 1996; revised May 12, 1997. wireless link layer) and analog fiber-optic links, and explains
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TABLE |
CHARACTERISTICS OF THEWACS/PACS PCS &TEM [7]

WACS/PACS WACS/PACS
System Type PCS, microcell (100- | Number of RF Carriers | 1

500 meter radius) per Cell
Coverage Availability 98-100% Voice Channels per RF | 8

Carrier

Frequency Band Two 5 or 10 MHz Total RF Carriers Used | 8 or 16 pairs, 300

blocks within kHz spacing

1850-1990 MHz
Access Format FDMA/TDMA Bit Rate per Carrier 384 kbit/s
Modulation /4 DQPSK Bandwidth per Carrier | 270 kHz
SIR Requirement 11dB Voice Bit Rate per User | 32 kbit/s
Reuse Factor 8orl6 Power Control Range 30dB, 0.75 dB steps

Propagation Parameters | Distance loss exponent | Channel Compensation | Diversity
=4 - 6; Shadowing std.
deviation = 8 - 14 dB

availability for a variety of wireless environments. Section Vlthe third-order intermodulation distortion power (IMP) equals
presents a discussion. Section VIl presents conclusions. the noise power. This can be thought of as the modulation
depth which balances the impact of noise and IMP’s. The

Il. SFDR OF ANALOG FIBER-OPTIC LINKS optimum modulation depth is given by [5], [6]

The SFDR of an analog optical link is the range of RF 64 1/6
input powers fgr which a tvvp-tone RF ipput .s.ignal can _be Mopt = {9b§SNRJ
clearly distinguished from noise and nonlinearities at the link . . .
output. The minimum RF input power in this range is thasimilar expressions can be derived for directly modulated
which results in the received signal just reaching the noise flod@log optical links.
generated by receiver noise and laser relative intensity noise
(RIN). The maximum RF input power is that at which the in- lll. CHARACTERISTICS OFWACS/PACS

band third-order intermodulation power generated by laser orThe Bellcore WACS/PACS standard [7] is designed for
external modulator nonlinearities just reaches the noise floggiture low-tier PCS systems serving primarily hand-held phone
The SFDR for a direct-detection analog optical link igsers. Table | contains key characteristics of the WACS/PACS

derived in detail in [5], [6]. From [5], [6], the SFDR of anstandard which are used in the comprehensive simulation
externally modulated direct detection analog link can be foumglodel in this paper.

()

as Table | refers to 98%-100% coverage availability for
8 R2p2 2/3 WACS/PACS. Aerial availability refers to the percentage
SFDR = : opt — of randomly selected locations at which a user can attain
31bs| 2(2q RPopi + %5 + R2P210°10 ) B adequate link quality at any given time as measured by signal-
8 2/3 to-interference ratio (SIR). Availability is purely a measure
= {MSNRO} (1) of system coverage at any instant, and does not quantify

the likelihood of any individual call lasting for a specified
where R is the photodiode responsivityy,,; is the average duration. This is because the likelihood of any individual call
received optical powerps is the third-order nonlinearity lasting for a specified duration depends on user behavior, for
coefficient, B is the bandwidth at the receiver output, angvhich no accurate models are available in the literature, as
SNRy is the normalized SNR for unity modulation depthwell as on the physical characteristics of the environment.
The three terms in parentheses in the denominator are th&xactly one RF carrier is allocated to each WACS/PACS
power spectral densities (PSD’s) of the shot, thermal, anacrocell. Up to eight voice conversations at 32 kb/s can be
RIN’s, respectively. In those termg, is the charge of an time-division multiplexed on each RF carrier. The overall bit
electron,R is the photodiode responsivitys,. is the receiver rate of 384 kb/s includes overhead bits associated with each
equivalent front-end resistance, and RIN (in decibel/herttijne slot. The bandwidth of 270 kHz per carrier corresponds to
is the measured strength of the intensity noise relative ttoe 0.7-bandwidth bit-time product for quadrature phase-shift
the optical carrier. The optimum optical modulation deptkeying (QPSK) [8]. The SIR required for adequate received-
corresponding to this SFDR is the modulation depth at whiagnal quality is 11 dB [7], [9]. The reuse factor used in
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Fig. 1. Block diagram of simulation procedure. /

Downlink Square Uplink Square

this paper (and elsewhere in the literature) is 8 [7], [9]; E'g”'mz(' (d';;il‘gﬁ”fg,;ﬁﬂf;gﬁge;”aﬁiﬂ squares used for downlink (solid) and

is desirable for the reuse factor to be as small as possible
to reduce overall system bandwidth requirements. The power
control range is 30 dB with 0.75 dB steps. The 400-Hz powérstandard hexagonal pattern. Macrodiversity (selection of the
control speed is easily able to react to the terrain-depend@st available remote antenna by each user) is implemented
|Og-norma| fad|ng and mu|t|path fad|ng seen by hand-heRb follows. By SearChing over all available p||0t Signals on
users, which is at fastest in the tens of hertz [5]. The chosat RF frequencies and timeslots, the user could be assigned
means for WACS/PACS to compensate for multipath fadirf@ any antenna within the downlink square (solid-line type)
effects is selection diversity, which refers to the use of twid Fig. 2. This square includes the antenna(s) nearest to the
antennas within a remote antenna or a user phone to crei#ier at each RF frequency as well as the first-tier antennas at
uncorrelated multipath fading channels. At any given timéhat same frequency (marked with black dots in Fig. 2). These
the fading channel which gives the higher SIR at the receiv@htennas provide the dominant received power contributions at
is selected. each frequency [13], and in real system operation, the user will
The range of propagation-loss exponents in this systdif assigned to one of these with very high probability based
ranges from 4 (for free-space propagation plus a single @&? Which one is detected with the maximum downlink SIR.
flected path) to 6. The range of shadowing standard deviations>election diversity is used on both the downlink and uplink
is from 8 to 14 dB. Both of these have been determined throutjh the WACS/PACS system to compensate for near-scale
best fits to measured data from urban and suburban outdg#ltipath fading. This refers to the use of multiple antennas,
environments in the literature [10]-[12]. (Indoor environmentgeparated spatially and/or by polarization at one physical
follow a characteristic better approximateddap(—kd), with location, to generate uncorrelated near-scale fading channels.
d being distance [7]. These environments are difficult to mod&he antenna with the highest received SIR at any given time

outside of specific case studies.) is then selected.
IV. PCS SMULATION MODEL B. Evaluation of Fading and Cochannel Interference
] In_lthls section, the PCS simulation model is described in After user placement, the distance loss and both terrain-
etail. dependent log-normal fading and multipath Rayleigh fading

The overall simulation block diagram S shpwn in Fig. 1are computed for the links from the user to each antenna
Users are randomly placed onto a:6%2 grid until the system in the downlink square shown in Fig. 2. This is done for
'S Iqadeld to r9]5/° capacity ove; all frequer]lmre]:s and time Slor;ﬁth macrodiversity selection and interference computation.
o S|mu_a'§eft e worst-case per ormance o J.[.e SVS‘?”?- The downlink transmit powers of all remote antennas are

To minimize edge effects, aerial aval_lab|||ty statistics argeq meq equal. Since the downlink in WACS/PACS is strongly
computed only over the central 24 24 grid. These statistics erference-limited, the thermal noise at the user phone is

the error bars of the availability statistics are small relative d can thus be normalized to one

the variations measured in the results presented in Section ViThe parameter range used in the simulation for the average
) ) distance loss exponent is 4-6, as described in Section Ill.

A. Frequency Reuse Pattern and Macrodiversity The average received power received by usérom remote
The eight-frequency reuse pattern is shown on the squargennd in an environment characterized by a specific value

grid in Fig. 2. Though a square grid does not allow for asf »n is known as the global-mean power. The local-mean

optimal a two-dimensional (2-D) frequency reuse pattern ageceived power for an individual propagation path is ob-

hexagonal grid, it is acceptable for the purposes of this stuthined from the global mean by taking into account variations

since frequency plans in real systems also often do not follawound this mean due to shadowing (8—14 dB, as described in
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Section 1ll). This is expressed below: be expressed as

(ampreg,,)*
D iefuers in_(AMPpreg,,)?

UL squarczk}

localmean; (dB) = 10 - log,, (d;") + oN(0,1)  (3) SIRyr,, (antenna) = (6)

whered;; is the distance from usédrto remote antennaand . . L .
where N(0,1) is a Gaussian random variable with mean tyhere the UL square is defined in Fig. 2. (The summation

and variance 1 in the denominator is of course over users in a single time
The terrain-dependent fading is assumed to be uncorrelaf&df Only-) The microdiversity antenna corresponding to the

for each separate remote antenna. This means that for a gitgfFived RF signal with higher SIR at the base station is
userk, a separate local mean is computed for every remotg €cted: _

antenna within its downlink square, as described in Section Iv- '€ RF signals sent through fiber from each remote antenna
A. For each of these local means, the Rayleigh multipaffi the base station have the SIR values given in (6). The
fading can be computed as follows: received signals at the base station have lower SIR values

due to further distortion due to fiber-link imperfections. The

\/Wmeaml extent of this degradation is presented in Section V. The RF

) _— signal with the larger SIR value at the base station is chosen,

ampreg,,, =Rayleigl),- ¥ 10 10 and its SIR value is used to determine whether the user power
localmean; is increased or decreased using power control.

— \/(Ni(o, 1))2+(N,(0,1))2V 10 10 () If a user reaches maximum power without reach.ing adequate
SIR performance, then the user is dropped and is counted as

where N; and IV, are uncorrelated Gaussian random Vanr]ot having met the SIR requirement. Since the power control

ables with mean 0 and variance 1, and whefe the index of results in all undropped users reaching adequate SIR within

the antenna selected for use through selection diversity. T%% or fewer iterations, the aerial availability is simply the

term amprecrefers to received signal amplitude at the us(%er.centage of undropped users. We assume the}t msta_ntaﬁ_eous
%dlng values can be used to determine the aerial availability,

antenna. Since selection diversity is used on the downlink i ; .
. . ince the 400-Hz power control rate is very fast relative to
WACS/PACS, two independent Rayleigh samples are gen ré temporal multipath fading variations experienced by most
ated, corresponding to the different received signal amplitu § §°’ers P P 9 P y
at each microdiversity antenna. :
The cochannel interference contains contributions from all
first-tier (nearest neighbor) remote antennas simultaneously V. ANALOG OPTICAL LINKS IN

transmitting at the frequency used by remote antenrne A PCS HBER INFRASTRUCTURE

user selects the remote antenna within the downlink square inn this section, the interaction of the WACS/PACS air
Fig. 2 which provides the maximum downlink SIR (each renterface (or wireless link layer) and analog fiber-optic links

mote antenna uses selection diversity over two microdiversitydescribed in the context of how the imperfections of analog
antennas). This SIR is computed as shown in (5) at the bottgiiks will impact PCS quality of service.

of the page, where the DL square is defined in Fig. 2.
A. Block Diagram

C. Evaluation of Uplink SIR For a centralized PCS infrastructure, Fig. 3 shows a block
The uplink SIR for each user is then computed given idiagram of the analog-link configurations needed on the down-
selected antenna (which uses frequency 7 for the hypothigtk and uplink for a single connection between a remote
ical user in Fig. 2). The procedure is very similar to thaantenna and a base station. The configuration shown does
presented in Section IV-B. Like the downlink, the uplink iswot allow sharing of fibers between downlink and uplink
also cochannel-interference-limited, so the starting values @f between different remote antennas. (Other infrastructure
all user powers (before power control) are normalized to &onfigurations are considered elsewhere in the literature [3].)
While the log-normal fading is highly correlated between th®n the downlink, a signal modulated on a single RF car-
uplink and downlink, the Rayleigh fading on the uplink igier and composed of several TDMA voice channels (as in
uncorrelated from that on the downlink due to the 80-MHYVACS/PACS) is amplified and then used to modulate either
separation of the uplink and downlink frequency bands [7& laser or an external modulator. This modulated lightwave is
This results in recomputation of the two Rayleigh values dmansmitted down a fiber to a remote antenna, detected, and
each uplink. The received uplink SIR at each microdiversigubsequently amplified and transmitted from an antenna to
antenngp at a remote antenniafrom a given usek can then its assigned users. The RF carriers drawn with dotted lines

_ (ampreg, )
SIRpr(userk) =  max max (5)
{€{antennas in | pe{microdiversity E i€ {antonnas in (am pre%ip)2

DL squarc} antennas at k} DL squarcl}
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Fig. 3. Block diagrams of analog links on the downlink and uplink in PCS infrastructures.

signify that multiple RF carriers could be used by a singlare 30 dB larger than the desired signal, even with power
remote antenna. control. (This is because multipath fading in different spatial
On the uplink, an RF SCM signal is received at eadtlirections is highly uncorrelated.) In addition, there are many
remote antenna from users simultaneously transmitting orore RF carriers transmitted through the fiber on the uplink
different frequencies. The desired signal from each user(due to users transmitting in adjacent cells) than on the
corrupted by both thermal noise from the RF receiver artbwnlink (for which there is only one RF carrier per remote
by cochannel interference. In addition, there are interferirgitenna in our model).
signals on other frequencies due to users transmitting aBecause SIR degradation due to these optical-link im-
different RF frequencies. This is known as adjacent-chanrgdrfections only impacts aerial availability on the uplink,
interference. (In principle, it is possible to filter out thes¢he remainder of this paper focuses on quantifying uplink
interfering signals at the remote antenna using a ljgh-availability to clarify fiber-link SFDR requirements for infra-
bandpass filter preceded by a mixer for downconversiostructure design.
However, this results in more complicated remote antenna
units [3].) For example, an antenna receiving a desired upligk Uplink SIR at the Base Station

transmission on frequency 5 will also receive transmissions_l_he SIR at the input to the demodulator within the base-
on all of the other seven uplink frequencies. Though thestte . : > NP . :

) . . . . . Station receiver in Fig. 3 is shown in (7) at the bottom of
interfering signals can be filtered out in the receiver at tr{ﬁe following page, wheren is the optical modulation depth

base station, third-order nonlinearities due to imperfections . . . .
P and the noise PSD’s terms are given in Section M, £,

in the optical transmitter result in additional nonlinear d|s-nol bs are defined in Section II.) The bandwidiB is 270

tortion fall'mg n the desired 5|g'naI. 'band'. The |mpac't'oEHZ’ as described in Section Ill. The noise figure (NF) of the
these nonlinearities can become significant if fading condltlo?%_ amplifiers at the receiver represents the additional thermal

are such that the desired signal on the uplink at a remote. L ) :
n%se contribution. Representative parameters for analog links

antenna is much lower than other received signals in adjacent ) . )
ich are used when computing the numerical results in later

W
channels. : s )
sections are: responsivitit of 0.8 A/W, a receiver front-end

resistancelz,. of 50 2, an NF of 3 dB, and a semiconductor
B. Comparison of Downlink and Uplink laser RIN of —150 dB/Hz. (z2(t)) refers to the power of

The noise and nonlinearities which degrade the performarff§ desired signal component at frequengy The value

of analog fiber-optic links occur on both the downlink and
uplink in PCS infrastructures. However, only the degrada-
tion on the uplink will have a significant impact on system (z2(t))
performance. W

On the uplink, the impact of optical-link nonlinearities is far cocianne
more severe than on the downlink in PCS systems, since thalefined by the SIR of the received signal from the wireless
multiple RF carriers transmitted on the uplink have widelgnvironment, as shown in (6). The intermodulation power
varying amplitudes. This is because the propagation patp$(¢)) is the sum of all third-order intermodulation compo-
of different users assigned to a given remote antenna haments withinz3(¢) which fall into the desired signal band.
different propagation distances to the antenna and differenfThe SIR shown in (7) for any given received signal from
shadowing and multipath characteristics. This frequently rihe wireless environment varies with time due to shadowing
sults in adjacent channel interference (ACI) components treatd multipath fading. However, the power control rate of 400
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Hz used in WACS/PACS is very fast relative to the fading 100

I X . - T oc=84dB
variations experienced by most users. As a result, the fading - 0.5% - #0T 2
level remains constant over the period needed by the power 9r LR ~—_
control to stabilize. The SIR after power control can then beAvailability, % M o= 14 dB
compared to the desired SIR of 11 dB to determine aerial | o=104dB
availability. o7l ., i n=5 |

L ! I Power Control =30dB |
E | ' Bandwidth = 270 kHz
D. Dependence of the SIR on SFDR 65 70 75 80 85 90 95 100 105 110

. . . SFDR, dB*HZ*?
In the previous section, the modulation depth the re-

ceived optical powerP,,;, and the third-order nonlinearity Fig. 4. PCS system availability versus optical link SFDR with selection
ficienth op "f' d F . db- th diversity for shadowing standard deviatien= 8, 10, and 14 dB. Dotted

f:oe 'C'em 3 are not Sp?CI led. or a_gweﬁwﬁ a_n 3, there lines mark the SFDR for which availability decreases by 0.5%. Distance loss

is an optimum modulation deptt which maximizes the SIR exponent» = 5. The power control range is 30 dB.

in (7). For the simulation results in Section VI, the optimum

modulation depth (between 0-1) is found iteratively within thiarger shadowing variance results in a lower availability due to

simulation for each separate data point. an increase in the number of users with very poor propagation
To meaningfully determine SFDR requirements for analagnvironments which cannot be adequately compensated by

links in PCS infrastructures, it is essential that the receiv@dwer control and selection diversity. Also, a larger shadowing

SIR at the base station be directly related to the SFDR, singariance results in a higher optical-link SFDR requirement (for

the SFDR is measured using a predetermined two-tone sigiab% availability decrease). Fer= 8 dB, the required SFDR

This can be done by solving fég as a function of the SFDR is about 76 dBHz2/3, while for & = 14 dB, the required

from (1). This gives SFDR is about 83 dBHz2/3. This is because the desired
Ibs| signal will come from one location only, while cochannel
8 R2pP2 and adjacent-channel interference will come from multiple
opt locations. Since the log-normal fading is assumed to be

3(SFDR)*/? 2(PSDshor + PSDinermal + PSDrin) B uncorrelated for different locations and directions around a
(8) user, the interference will not, on average, increase or decrease
As a result, the SIR in (7) can be explicitly written in termdor as the value ofr changes. For larger values of the
of modulation depth, optical power, and two-tone SFDR. Thigignal received from the worst few percent of environments
equation directly relates optical-link quality to received signdfor which service may not be available) will decrease relative
quality at the base station, as has been done in previous stutiethe average interference, and thus the SFDR requirement
[1]. will increase. In reality, there may be some correlation between
log-normal fading for interference components from users who
are very close to each other. On average though, the impact
VI. SIMULATION RESULTS of SFDR on availability will remain the same.

The figures in this section show the PCS system availability Fig. 5 shows the impact of variations in distance loss
as a function of optical-link SFDR for representative PC8xponent (for example, due to different ground composition or
air interface and analog-link parameters. A power-contrdue to variations in environment) on PCS system performance.
range of 30 dB and selection diversity are assumed. TAelarger distance loss results in a higher availability due to
figures show the SFDR requirement for a 0.5% decreasetlie heavily interference-limited characteristic of PCS systems,
availability from the perfect fiber case. For very high SFDRven for n = 6. This, of course, will not be the case
optical links, there is an upper limit to availability due tojndefinitely, since receiver noise and external noise due to
for example, users that have such a poor uplink propagatitve environment will become limiting for large enoughWe
environment that the power control range is not sufficienalso note that a larger distance loss results in a lower optical
As the SFDR decreases, the availability decreases duelitkk SFDR requirement (for 0.5% availability decrease). For
the increasing SIR degradation due to increasing optical link= 4, 5, and 6, the required SFDR is about 80, 76, and
nonlinearities (thus increasing intermodulation distortion). A2 dB-Hz?/2, respectively. This is because the cochannel
system designer could select system SFDR requirements baaed adjacent-channel interference almost always are coming
on a maximum allowable availability decrease due to fiber-lifkom users farther from a given remote antenna than the
distortion. desired user; as a result, the signal will increase relative to

Fig. 4 shows the impact of variations in shadowing variandbe interference for increasing valuessofThis results in less
(for example, due to different building or tree heights anihtermodulation distortion due to nonlinearities in the optical
densities in different locations) on PCS system performanceliak.

m?R2P2, (3 (t))

SIR =
(PSDshot + NF - PSDthermal + PSDRIN)B + m2R2P02pt <ngochanne1(t)> + mei%RQngt <$6(t)>

(7)
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Fig. 5. PCS system availability versus optical-link SFDR with selection Optical Modulation Depth

diversity for distance loss exponent= 4, 5, and6. Dotted lines mark the

SFDR for which availability decreases by 0.5%. Shadowing standard deviatiglg- 6- PCS system availability versus optical modulation depth for two
o = 10 dB. The power control range is 30 dB. different values of optical link SFDR. The PCS system parameters are shown

in the figure.

VIl DiscussioN which are too high. To limit the availability decrease (due to
Based on the results of the previous section, it is pogenoptimal optical modulation depth) to 0.5%, the gain control
sible to use either single-mode distributed feedback (DFBfcuracy must be 8 dB.
lasers (SFDR range: 90-110 dBz2/3 [14]) or multimode
Fabry—Perot (FP) lasers (SFDR range: 70-90 ldB/2 [14]) VIIl. CONCLUSION
in PCS systems. This roughly matches the conclusion obtainegtiper infrastructures in future PCS systems must mini-
through modeling of & generic analog cellular system in [ljize remote antenna size and cost, reduce the total amount
in which propagation effects within the wireless environyf required RF and digital-processing hardware, and facili-
ment and power control were ignored. A robust design f@ite system maintenance and upgradeability. These goals can
a PCS fiber infrastructure, however, must be based on g8 met by a centralized PCS infrastructure using analog
acceptable quality of service over the full range of enviroRer.ptic links. In this paper, a fiber infrastructure for the
ments which the system contains. As shown in the previoygacs/PACS personal communications system has been sim-
section, the SFDR requirements can easily vary by almqghted to evaluate the relationship between optical-link SFDR
10 dB-Hz?/3 over the range of propagation environmentgng wireless system aerial availability.
considered in this paper. A system designer using analogresults of the simulation indicate that representative SFDR
optical links as part of a PCS fiber infrastructure shouldequirements for fiber infrastructures in PCS systems are in the
therefore, augment fiber-link modeling with measured mOde*%_83 dB H22/3 range. The impact of Varying environmental
of the environment to be served when determining fiber-link,aracteristics as quantified by distance loss and shadowing
SFDR requirements. variance is between 7-10 dB. Larger distance loss results in
Another aspect of system design which should be modelggyer SFDR requirements. For example, an increase in the
is the sensitivity of system availability to variations of thgjistance loss exponent from 4 to 6 results in a decrease in the
optical modulation depth from the instantaneous optimal valu§FpR requirement from 80—72 dBiz2/3. Larger shadowing
Note that the optical modulation depth on the uplink i§ariance results in higher SFDR requirements. For example,
controlled by an automatic gain control (AGC) loop, as showay, increase in shadowing variance from 8 to 14 dB results in
in Fig. 3. The goal of the AGC loop is to set the opticahy increase in the SFDR requirement from 76—-83 HB*/3.
modulation depth at a constant value determined by the systg¢py required AGC accuracy decreases as the SFDR increases,
designer from timeslot to timeslot. Since it is not possiblgiiy a required accuracy of 8 dB at an SFDR of 80-#&2/3.
to dynamically determine the optimum optical modulatiofnese results indicate that either DFB or FP semiconductor

depth (which balances the impact of noise and nonlinearitigger diodes can be used in the implementation of PCS
generated in the optical link) for each timeslot at each remqlgrastructures.

antenna, the system designer can instead use a system-wide

constant optical modulation depth which maximizes system ACKNOWLEDGMENT
availability. Fig. 6 shows the impact of imperfect gain control .
for a WACS/PACS infrastructure. The authors would like to gratefully acknowledge helpful

discussions with P. B. Wong and X. C. Chen of Stanford

It is clear from Fig. 6 that the PCS system availabi
Stanford, CA.

ity is more sensitive to optical modulation depth for |owepn|ver3|ty,
optical-link SFDR. This is because a lower optical-link SFDR
corresponds to an optical link with a higher noise level and
larger nonlinear distortion. The availability is nearly constan{l] D.M. Cutreretal, “Dynamic range requirements for optical transmitters
over a 15-dB range of input RF voltage for SFDR 105 g\frl)l;er-sfgg_rsné%m(,i/?alf;Ieltrggsetworks,IEEE Photon. Technol. Lettvol.
dB- HZz%/3. For an SFDR of 80 dBHz?/3 (within the required [2] ©. K. Tonguz and H. Jung, “Personal communications access networks
SFDR range found in Section VI), availability decreases due using subcarrier multiplexed optical linksJ. Lightwave Technaglvol.

: . . . 14, pp. 1400-1409, June 1996.
to noise for modulation depths which are too low. Also, It[3] W. |. Way, “Optical fiber-based microcellular systems: An overview,”

decreases due to nonlinear distortion for modulation depths IEICE Trans. Communvol. E76-B, no. 9, pp. 1091-1102, 1993.
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