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1

SMALL SIGNAL THRESHOLD AND
PROPORTION.41. ('Alvs DISTRIIIUTIJD

DI&'ITAI, &'OVIXIUNI&:ATION 5

dynamic range a f0:r aumiuat ion ol'ther signal Icvcls. Each
signal level that is less than or equal to the dynamic range
fair share threshold are attemmted with a unity gam factor

CROSS REFERENCE TO RELATED
APPLICATIONS

lite present application Is rclatcd to, and claims the
beneht of the fling date of, lJ S Provisional Patent Appli-
cation No. 60/430.435. filed on Dec 3, 2002

TECHNICAL FIELD

1he present invelition relates generally to comnnuuca-
tions and particularly to gain control of signals in a distrib-
uted antenna system.

BA(JK(iROlJNI)

Various types of wirelesc communication systems have
beconie prevalent amund the world. For example, cellular
coninuuiication systems cnver most major metropolitan
dled9 il9w oil B9 lllaJOI lllgllwdv'9 tlirOUgli u:lliotC alerts.
Cellular systems permit uidividuals widi cellular handsets to
communicate with base stations that are cnnnected to the
public switched telephone network (Psf1'N) or some nther
communication netv orl .

A9 wltil Bilv'ollllllUIIICBtioll SV's(Clll, CCIIUIBI SVS(CUIS Call
leave coverage "holes" where the st~xal from die base
stations cannot reach I'he holes can be in tunnels. valleys,
city streets beuveen tall buildings, or any other location
where a radio frequency (RF) signal is blocked.

Placing additional base stations whcrc tlmsc coicragc
holes are located is not always mi opuon. Base stations lend
to be very expensive due not only to the cost of the
equipment but also because of land acquisition costs Addi-
tionally, large base station antennas mny not fit witlun an
area either physically or aesthetically.

One solution to hole coverage is to usc smaller distributed
antennas ivhere coverage is needed but a base station is nnt
warranted nr desired. 1here are problems. however, v ith
using a distributed antenna system.

AIIV Sy'SJC111 1199 II ccltaill ilvtlallllC Idllgc OVCI WIIICII

sigruils are proccsscd. Fora system that lias only one antciuia
port, the entire dynamic range is available to the single pnrt
signal Vi'hen the system has niultiple antenna port~ . as in the
distributed antenna system, the came dynamic range Is
shared amongst the aggregate ci nnl from all the ports Tlus
rcxluccs JIIC ilvlltlllllc I'tlllgC BVBIIBblC lol CBCII polt WIICII

multiple ports arc simulttmcously active. One problem with
distributed antciuins on a suigle signal path is that the
aggregate signal along the signal path may exceed the
System's alloivable dynamic nnnge 'fliere is a resulting need
in the art fiir adequately controllin the aggregate signal in
a single path distributed antenna system.

SUMMARY

'Hie embodiments of the present invention encompass a
method for proportional gain distribution in a system cnni-
prising a plurality of distributed antennas. A sampliiig func-
tion senses a si nal level at each of the plurality of distrib-
uted antemias. Each of thc plurality of sigmil levels are
Cotllptircil wltll II dy'IIBilllc IBIlgc'. lail SIIBIC tlliesilokt F'ICII

Slglld1 ICI CI tllat 19 ~cater tlltlll tllC dVllallllC I'BllgC IBII SIIBIC

threshold is attenuated with a gain factor that i ~ deternuned
in response to a remaining portion of the total systenl

BRIEF DESCRIPTION OF THE DRAWINCiS

FICi I shows a block diagram of one embodiment of a
distributed digital antenna system of the present invention.

lil(i 2 shows a block diagrmn of another embodiment of
'" a distnbuted digital antenna system of the present invention.

lil(i 3 shows a block diaaram of one embodiment of a
remote unit in accordance with the system of lil(i. I

lil(i 4 shows a block dia rani of one embodunent of a
remnte unit in accordance v ith the system of lil(i. 2

I FI(i 5 shows a block diagram of oue embodiment ol d

system having distributed sumniatinn and gain control ivith
head end comnion attenuation

FI(i 6 shows 0 block diagram of ouc cmboduuent ol'

system having distributed summation and gain control ivith
20

localized common attenuation.
FICi. 7 shovvs a block diagram of one embodnnent of 0

system having distributed sununation and gain control with
localized input attenuation.

FI(i 8 shows a block diagram of oue embodiment ol d

system liaving distnbutcd summauon and gaui control widi
hciul cnd conunon nttemiauon.

lil(i 0 shows a block diaaram of one embodiment of a

system having distributed sumniatinn and gain control ivith
io head end comnion attenuation

FICi 10 shovvs a block diagram of one embodiment of a
method for fair and balanced ain control in a distributed
summation and gain control system of the present invention.

FI(i 11 shows a fiowchau of one muboduuent of thc
fair-and balaiwid aucnuation method of thc prcscnt invcn-39

tion

DETAILED DESCRIPTION

40
By distributing signal atienuation and control of thc

attenuation, thc cmboihments of thc present invention rctiin
the original systeni dynamic range A signal level threshold
prevents small but valid si nels fmm being attemiated to the
point of being useless vvlfile the unused dynamic range is
redistributed to signals that require the additional dynamic
range

Thc cmbodimcnts of thc prcsmit uivcnuou rcli:r to liber
optics as 0 communications medium bctwcmi rcmotc units
and thc host unit Howcvcr, thc communications medium
cminecting the remote units to the host unit can take any
form including a laser tluou h an air interface. an Rli signai
over coaxial cable, or an RF signai tluough an air interface.

FICi I illustrates a block diagram of one embodiment of
a distnbuted di ital antenna system of the present invention.
Thc system lias a base station (100) that conununicatcs over
an RF link using an antmmd (110). 1130 base station com-
municates over the Rl'ink using any appropriate air inter-
face standard Fnr exaniple, the air interface standard com-

it, prises one of Advanced Mobile Phone System (AMPS),
code du ision nniltiple access (CDIVL4), time division nud-
tiple access (TDlvi;4), Global System for Mobile communi-
cations (GSM), or any other appropnate mr uitcrl'acc stan-
dard.

si Thc RF hnk Is made up ol'a forward lurk over which thc
base station (10(l) transmits tn a subscriber unit (150) 1'he
subscriber unit (150) transmits hack to the base station (10t))
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over a rcvcrsc hnk. The subscriber uiut (150) is either a
mobile station or a fixed station such as in a v ireless local
loop system.

lite base station (100) has the transnullers and rcmcivcrs
that enable the subscriber unit (130) to comnnuiicate v ith
the public switched telephone network (P)'IN)(130) In one
enibodiment, the base station links the subscriber unit (150)
to other subscriber units that are communicating, with other
base stathuts. In one embodiment, the base station (100) is
coiuuxtcd to thc PSTN tluough a mobile sv,i(clung center Iii

Ihat handles tlm switchuig ol calls with multiple base
Stations.

A host unit (101) ls conncctcd to die base stanon (100)
dtlough an RF link (115). Iu onc cmbodunmlt, dns link (115)
is a coaxial cable Other embodiments use other types of 11

connections such as an air interface or an optical fiber
carrying digital RF signals. U.S. patent application Ser. No.
09/619,431. assigned to ADC Teleconununications. Inc. and
incorporatcxl herein by rcfi:rcnce, discloses digital RF sig-
nillg IO

The host unit (101) is responsible for corn erting the RF
signal from thc base station (100) to an optical slgiml for
transmission over au optical medium. Thc host uiut (101)
also converts B rccmvcd opncal signal to an RF signal for
transmission to the base station (100) In other embodi-
nlents. the host unit (101) performs additional functions

One or more remote units (105— 108) are connected to the
host unit (101) through an optical mediuin, such as tiber
optic lines (12U and 125), in a daisy-chain arrangement. 'I he
remote units (105 108) are placed in locations that require It)

additional signal coverage due to a lack of coverage by the
base station (100) Thc rmuote uluts (105—108) conumuu-
cdte with subscnbcr unlm ui a particular rcmole unil's
covemge area over an RI'ink provided by the renxlte unit
antennas (135— 138)

For purposes of illustration. I'mir remote urn(a (105— 108)
are shoivn I iowever. alternate embodiinents use other quan-
tities of remote units If only a small geographic area
requires covemge„as few as one remote unit (105) is used.

40If a highway in a remote area requires additional coverage,
more than four remote units are typically used.

The embodiment of FICI. I uses a separate fiber optic line
for each direction of comnninication. Each fiber cnmes a
difli rmlt w at clcngth For example. ihe tiber optic lute (120)
from thc host urn( (101) to thc remote units (105— 108)
carncs a wavelength of k, The liber optic lute (125) from
the remote units (105— 108) to the host unit (101) carries a
wavelength of ),I In alternate embodiment~, each tiber
carries the same wavelength.

1'he hber optic line (120) from the host unit (101) to the
remote units (105— 108) carries the digital optical signal filr
transmission by the remote umts (105 108). The fiber optic
line (125) from the remote units (105 108) carries a digital
opllcdl signai conlprlsulg lhc silat ol Ihc Iccctvcil signals
from each of the remote uruts (105—108). The generation of
Ibis siumnation signal from Ihc remote uruls ls discussed
subsequently

I 1Ci 2 illustrates a block diagram of another embodiment
of a distributed digital antenna system of the present inven- 11,

tion. This system is similar to the embodiment of FICi I
except that the remote units (205 208) are connected to the
host unit (201) over a single opucal mcilium (220).

lite system ol'IG. 2 lms a base stanon (200) tlmt
commumcates over nn RF lurk usin mi mltciuia (210). The ss
base station can comniunicate over the Rli link using. any air
interface stancard I'or example, the air interface standard

may bc code du islon multiple access (CDMA), time divi-
sion multiple access ('I l)MA), or (ilobal System for Mobile
cillnlllilnlcatlons ((ISM)

'I'he Rli link is made up of a foiward link over which the
base station (200) transmits to a subscriber unit (250). The
subscriber unit (250) transmits back to the base station (200)
over a rcvcrse link. Thc subscnber unit (250) may bc a
mobile station or a fixed station such Bs in a wireless local
loop systelli

I'he base station (2UU) has the transmitters and receivers
that enable the subscriber unit (250) to conlmunicate ivith
the public sv,itched telephone netivorl (PSTN)(230). The
base station may also link the subscriber unit (250) to other
subscnbcr uiuts that arc conuuunlcdtuig with other base
stations. In one embodiment. the base station (200) is
connected to the PSTN through a mobile switching center
that handles the switching of calls with nlultiple hase
stations.

A host unit (201) is connected to the base station (200)
through an RF link (215). In one embodiment. this Imk (215)
is a coaxial cable. Other cmboduueuts usc other types of
connimtions such as dn air interface or an optical liber
carrymg digital RF signals.

I'he host unit (201) is responsible filr converting the RF
sigaal from the hase station (2UU) to a digital optical signai
for transmission over an optical medium. The host unit (201)
also converts a received optical signal to Bn RF signal for
transmission to Ihe base station (200). In other cmbodi-
mcnts. the host urn( (201) perl'orms addlnonal funcnons.

One or more renlote units (2U5—2()8) are connected to the
host unit (201) through an optical medium, such as a fiber
optic line (220). that is connected in a daisy-chain arrange-
ment. The remote units (205 208) are placed in locations
that require additional signal covera e due to a lack of
coverage by thc base a(anon (200).

For purposes ol'lustranon, four rmnotc units (205—208)
are shown. However, alternate mnboduncnts usc other quan-
tities of remote units depending on the application.

I'he embodinlent of IIICi. 2 uses a single fiber optic line
(220) for conununication both to Bnd from the remote units
(205 208). This is accomplished by the single fiber (220)
carrying nuiltlple wavelengths. For cxtunple, the fiber optic
hne (220) uses a wavelength ofkI for the digital signal I'rom

thc host utut to thc remote units (205—208) Thc fiber optic
line (220) also carries a digital summation signal with a
v avelength of Xs I'his digital summation signal is the sum
of the received signals from the remote units (205 208). The
generation of this summation signal from the remote units is
discussed subsequently.

FICi 3 illustrates a block diagram of one mubodiment of
a rmuote unit (105) of FIG. 1. Each of the remote units
(105—IU8) of the embodiment of I'l(i I are substantially
identical in functional conlposition

The remote unit (105) transm)ts and receives RF com-
munication signals over the antenna (135). Both the receive
dnd tlilnsnu( clrcultrv Is conncctcxl to thc Bnlcuna (135)
tluough a diplcxcr (301). Alternate embodiments usc other
quantities of antctums. For cxamplc, onc cmboduncnt uses
three antennas to cover three dill'creat sectors of an area In
other embodiments, diversity antennas are used

An analog signal that is received on the antenna (135) is
spit off by the diplexer (301) to an analog-to-digital con-
vcrtcr (305). The analog-to-digital couveitcr (305) dtgtttdcs
the reel:ivixl analog sigruil by pemodicnlly sampling the
signal Thc samplulg genera(ca a digital representation of the
received analog signal. In one embodiment, the digital signai
cmnprises 14 bit samples of the received analog signal.
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lllc digitized reccivcd signal is input Io a sunmicr (315)
to be added to the digitized signals froin the preceding
remote units m the rhsfisy-chain 'I'he input of the sununer
(3(5), therefore. is coupled to an output of a previous remote
unit. The output of the summer (315) is a sunmiation si rml
that is coupled to either the input of a subsequent remote unit
or to Ihc hos( unit Thc host urut Ihus receives a sununation
signal tluit rcprcsents thc sum ol'all thc signals received by
the remote units (l05— (US) of the systein.

A digital signal I'rom thc host uiut ls couplcxl to alii
digital-Io-analog converter (310). Thc digital-Io-analog con-
verter (310) takes the digital representation of an analog
signal and converts it to the analog signal for transnlission
by the antenna (135).

Optical-to-I ilectrical corn eiters (320—323) are located at
the optical ports (330 and 335) of the remote unit ((05).
Each optical port (330 and SL35) has an input and an output
that are each coupled to an Optical-to-Electrical converter
(320—323).

Since the remote unit (105) operates with electrical sig-
nals that are represented by the optical signals conung in
tllrough the optical ports (330 mid 335). the Optical-to-
Elccmcd 1 collvcrtcrs (320—323) arc responsible Ior convert-
ing Ihc opucal signals Io electrical sigirals for processing by
the remote unit (105) I&eceivcd electrical signals are con-
verted from electrical to an optical representation tilr trans-
mission over the optical fiber.

IICi 4 illustrates a block diagram of one embodiment of
a remote unit (205) of I!Ki 2. Iiach of the remote units
(205 208) of the embodiment of FICI. I is substantially
identical in fiinctional composition.

The remote unit (205) transmits and receives RF com-
munication signals over the antenna (435). Both the receive
and transnlit circuitry are connected to the antenna (435) ls
tluough a diplcxer (401) Altcmatc cmbodmicnts usc other
quan(inca of antmulas. For example, one embodiment uses
three antennas to cover three different sectors of an area. In
other embodiments, diversity antennas are used

An ilnillog signal (hilt is rcccivc'0 on tile alltcllllll (435) is
dc

split off by the diplexer (401) to an analog-to-digital con-
verter (405) I'he analog-to-digital converter (405) digitizes
the received analo si nal by periodically sampling the
signai. The sampling enerates a digital represenmtion of the
rivetvcd analog signal. In one embodiment, Ihc digital signal
comprises (4 bit samples of the received dmilog signal.

The digitized received signal is input to a summer (415)
to be added to thc digitized signals from Ihc preceding
remote units in thc daisy-chaui. Thc host uni( thus reccivcs
a sunundtion signal that represents thc sum ol'all Ihc signals
received by the renlote umts (205— 208) of the systeni.

A digital signal I'rom thc host uiut ls couplcxl to a
digital-to-analo corn crier (4(0) 'I'he digital-to-snalog con-
verter (410) takes the digital representation of an analog
signal and converts it to the analog signal for transnlission
by the antenna (435).

Optical-to-I ilectrical corn eiters (420—423) are located at
the optical ports (440 and 445) of the remote unit (205).
Each optical port (440 and 445) has an input and an output
that are each coupled to an Optical-to-Electrical converter ii!
(420&23).

Since the remote unit (205) operates with electrical sig-
llals Ihdt drc represented b)'ile optlcdl signBls conllng nl
tllrough the optical ports (440 mid 445). the Optical-to-
Elccmcdl collvcrtcrs (420—423) arc responsible Ior convert- ss
ing the optical stgtlals to electrical signals fi!r pmcessing by
the remote unit (205) I&eceivcd electrical signals are con-

vcrtcd Irom electrical lo dn optical representauon for Irans-
nussion over the optical fiber

A wavelength division multiplexer (WDM) (430 and 431)
is located at each optical port (440 and 445) 1'he WDMs
(430 and 431) perform the optical processing necessary to
combine severai optical signals having sevemsl wavelengths.
The WDMs (430 and 431) also pcrlbml thc optical dcmul-
tiplcxing ncmcssary to split the muluplc wavelcngtlw of a
single fiber to their olvn signal paths.

In the above-described embodiments, if one antenna port
uses up all of the system's dynanlic mange. none is available
for the other antenna ports and the aggregate dynamic range
needs to be increased. The amount of additional dynamic
range rixpiired (ul dB) is exprcsscd Bs 20Log N, whcrc N is
thc number of anteruia ports. Tlm quantity of additional bits
required in a fmsme in order to express the aggregate signal
is expressed as I,oglN.

As an exainple of one embodiment of operation, the
dynamic range for (4 bits is 84 dB. To accommodate the
a regate dynamic range for 32 antenna ports, an additional
30 dB and 6 bits ure required. In tlus case, the analog-Io-
digital resolution for each port still remains at )4 bits but Ihc
summation of all the antenna port si nels is represented by
19 hits

In order to keep the original dynamic range and output
signal levels. the distributed attenuation of the embodiments
of the present invention use attenuators at antenna port
inputs, outputs. or both. The distnbutcd control may usc a
head-cnd based controller with fbcdback Io each antciuia
port, local contmllers at each antenna port, or distributed
control with distributed feedback.

'I'he various embodiments of the present invention use
automatic gain limitin (ACiL) as a gain control fiulction.
Alternate embodiments use mitomatic gain contml (ACiC) as
a gaul control liuiction. AGL is active only when thc signal
cxccmds some maximum value. ACiC continuously conuuls
dltClluB(loll.

I'he embodiments of the present invention enlploy differ-
ent methods of attenuation 'I'hese methods include stepped
attenuation. continuous attenuation. Bnd fair and balanced
attenuation.

Stopped attenuation is used when thc sununatlon ol'all of
thc mltcnrm ports exceeds the maximum tlucshold. In onc
mnboduncnt, Ilus tlircshold ls unity. In I(us case, thc aucnu-
ator pmvides attenuation in discrete increments I'or
exanlple, 6 dl3 increnlents can be acconiplished in a binary
number by bit shiftin in the direction of a smaller value.
One shift equais 6 dB. two slufts equals (2 dB, and three
slufis equals IS dB. Tlus cml be continued for as much
attenuation as rcqutrcxl. For 32 antenna ports. live slufts of
6 dB acconunodatcs 30 dB OI'ttenuation.

( (lfltlnli(!Ils a(tel'ill;ltloii is cililtllluoiis ill vahic 1 hc
attenuation need not be in fixed steps but the attenuation
could be accomplished with exactly as much as needed. In
other ~ords. the attenuation could be proportional to the
cxccss aggregate signal lcvcl. II'hc aggrcgatc signal is 2.3
dB above Ihc maximum, Ihc a(tenuator introduces exactly
25 dB ol attenuation.

'I'his nlethod of attenuation is acconiplished by nndtiply-
ing the aggregate value by the appropriate attenuation factor
In one embodiment, the attenuation factor is between 0, for
infinite attenuation, and I for no attenuation.

Applying Ihe at(caus(ion Io the aggregate signal means
that all of Ihesigirals arc treated thc same. The smallest
signals sufii:r Ihe mosu In fact. very small signals may be
attenuated to a level below the least signihcant bit At this
point, such sigdtals cease to exist.
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is illustrated m the followmg example using continuous
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A block diagrum of lhc fair and balanced altcmialion
method is illustrated in l(l(i 10 This method attenuates the
an&sliest sig&tais the least and the lar est signals are attenu-
ated lhe most Some of the very small signals may not
receive any attenuation An additional benefit is that mi
portion of the dynamic msnge goes iuiused since it is pro-
gressucly allocated lo thc larger signals. In one mnbod&-
ment, thc I'unct&ons of FICi. 10 areaccomphshcxl in the
digital domam

Referring to FICi. 10, in order to perform the fair and
balanced attenuation method, each individual anteruia port
input is sensed w&th n samphng I'unct&on !hut &s well known
in thc an lo dclcrminc wtch uipul s& nial level. Thc sigtml
levels are applied to the sorter (1001)

The sorter (1001) sorts the antenna port signals. desig-
nated x. in ascendin order according to their level. In tlus
case. I=l is the smallcs! and)=N &s thc largest, where N &s

thc number of m&!conn ports. Thc sorted s&gimls arc mpu! &o

a threshold comparator (1005) and a gain calculator (ltk07).
A "fair share" threshold is also input to the threshold
coniparator. The dynam&c range fair slmre threshold. K, &s

calculated as K=T/(n-j) where the total available system
dynamic range is unity and is designated as T. In alternate
mubodimcnts, other nppropnate llueshoid calculations arc
used.

11&c fa&r share tlueshold is dynammdlly rcdeiincd in order
to d&vidt: dllv &C&&&dill&llg ily'&&din&C ldllgc aluollg tilo JC&la&i&t-

ing sigruils Thc total rema&nuig system dy&mmic ran e &s

calculated by a renlaining dynamic range calculator (1009)
that is also input to the threshold comparator (1005). The
reniaining dynamic range calculator (1009) uses the signal
range input from the ga&n calculator (1007) and the total
dynamic range that is assumed to be unity in this embodi-
ment. Thc !otal rmnauung dynamic ran c is cxpressu! as
T=T—y where y, &s lhc output s&giml from lhc antenna purl.
Alternate embod&ments use other total dynamic ranges.

Tile gtiill ctllculdlor gcl&cidtcs 0 gal&le GI f&oui lhc lhrcsll-
old companson results &n order to proorcss&vely gcncrate

ain factors for Port I-Port N in ascending, order. The
pmcess of l(l(i. 10 can be expressed as:

I! can be scen in the table !hat lhe smallest signal (e.g..
x, 0.1) reinains tulchanued. It has been attem&ated with a
unity gain factor The next smallest signal (e g.. x 0.3) takes
advantage of the dynamic ranue that is not used by the first
signal This signal is also attenuated with a unity gain factor.

Thc next largcsi s&gnal (e.gc x,=0.4) &s auenuatcd by 0

gaul factor of 0 75. 'I'he largest signal (e g, x, 0.5) is
attenuated the most by a gain factor of 0 6

The process of FIG, 10 can also be applied to a stepped
a&tcnuation cmbodunen!. Thc lhllowu&g !able &llus&rates such
an cmbodimcnt. Il should be no&cd that the 6 dB steps are lhr
illustratio&1 purposes only and the present invention is not
linuted to any one attenuation increment

Index
J

20

htput
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Renu nu&c Vunl&e(ot''a

I Drn!un«Rdna n n
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K G, Y, i 4

i oi (!. s I 0& IJ 9
0 03 l 0 t (I 6
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This tableshov s tluil thc smallest signal remains
unchanged s&nce il is allcnualcd w&th a unity gmn lac!or. Thc
next smallest s&goal lakes advantage of lhe dynam&c rtm c
not used by the first signai. 'Ih&s s&gnal also is attenuated

30
v ith a unity gain factor

Thc next largest s&goal &s aucmtalcd by a gau& factor of
O.S This is a 6 dB step. Similarly, tlm lnrgcst s&gnal is
a&tcnuatcd by a gain factor of 0.5. Iu tlus mnbodunent, u

portion (e.g., 0 15) of lhe dynamic range is not used
The following embodinients discuss certain transport path

and aggrcgalc s&goal Icicle (C.g.. 14 b&ls). This &s lor
illus&ra!&on purposes only. The preach! invent&on &s not
lltllitcd to dllv otic Irdllsporl pdlll sigc or dggu:gtilc sigudl
level.

FICi 11 iilustrates a fiowchart of one embodiment of the
fa&r and balauccxI altenuauon method of thc prcscnt inven-
t&on. The method bcguis w &th delennuuug & f lhc Input s&goal
level is less than or equal to the threshold, K (1101).

If they are not equal, the gain &s determined to be the
ds threshold divided by the input signal level (1111) The output

signal level &s !hen equal lo lhe input s&gnal level times thc
gait& (1113).

If the input signal level is less than or equal to the
threshold (1101), the ain is set equal to one (1103). The

&0 output si nal level is then computed to be the input siytai
lcvcl times the gain (1105). Thc remaitung dynam&c range is
then rcduccd by thc computed output s&goal lcvcl (1107).
'I'he threshold is also recomputed as the remaining dynamic
osage divided by the number of ports remaining (1109).

FICi 5 illustrates a block diagram of one embodiment of
a system havuig distributed sununat&on w&th head cnd com-
mon a&lcm&ation aud gmn control. For purposes of clarity, 0

functional equivalent of the above-described remote unit, in
tlus and subsequent embodiments, is illustrated as an

((, antenna (509) with a sununation symbol (513).
Thc emboduncnt of FIG. 5 uicludcs the four rcmolc units

(501 —504) and thc ix!sl unit (505) us descnbcd previously.
I:ach reniote tulit (501 —504) has an antenna (506—509) that
receives Rlt signals tlml are digit&ped and sumined

Ss (510 513) with any previous remote unit signals.
I'he summations (510—513) and transport path (530—532)

to each remote unit should have sufficient dynamic range to
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dchvcr thc aggregate dynamic rmlgc. For exmnplo, ul onc
embodiment the full dynanlic range is 19 bits for 32 antenna
ports. This embodinlent assmnes that all of the remote units
are substantially Identical

In the enlbodiment of FICI. 5. the host unit (505). located
at the head end„performs the ACIL (515) and attenuation
(525) functions. Thc ACIL samphng lunction (515) samples
(520) thc aggrcgute signal (534) from (hc last remote unit
(504) before the host unit (505) 'Ibis signal requires I 'I bits
for a dynanlic range of 114 dl3 Other embodiments have Io

other bit quantities to replesent di(Terent dynamic ranges.
If the ACIL function (515) determines tliat the aggregate

signai (531) is greater than the maximum ollowable dynamic
r;mgc. ihe AGL function (515) ulstrucis the atlcmiation
IUnctnui (525) to BUCUUdtc lhc slgnBI. Thc BltcnUatnin Iiulc- I

tion (525) may use the stepped attenuation. the continuous
attenuation, or other attemiation appnlaches

In Ihe example illustrated in I'I(i 5 where the aggregate
signal is 19 bits. the attenuation function attenuotes the
signal to 14 bits. Thus. the signal from the host unit (505) to lo
a base station will bc witlun the allowable dvn unw. rmlgc.

FIG. 6 illustrates a block diagram of onc cmbodunent of
a system having distributed summation and gain contml
with localized common attenuation. 'I'his embodiment uses
a standard tmonsport path (601 —604) (e g, 14 bits) by apply-
ing localized attenuation to its aggregate signai.

Each renlote unit (620 623) attenuates its conmlon output
leiel so that thc maximum level is no( excecdciL Thc
dggrcgdtc of all summauons (615—618) and auenuatlons
(605&08) results in a head end aggregate signa) (630) that lo
does not exceed the maximunl level.

'lhe A(il function (610— 613) of each renxlte unit
(620 623) samples the signal level output (601 604) fmm
the respective sununation (615 618). If the BI~BI level is
greater than thc allowable dynamic range, the AGL I'unction li
(610 —613) instructs its respective ancnuatlon I'unction
(605 —608) to attenuate tha( panicular sigiml.

FIG 7 illustrates a block diagmmn of one embodiment of
a system having distributed summation and gain contml
lvith localized input attenuation. In this embodiment. each of do

the renlote units (701 704) uses anAGL function (725 728)
(o connol attenuation I'unctions (710—713 and 720—723) on
the sununa(ion (730—733) inpu(s.

llic input signuls tha( arc ancnuaicd in tins embodimmlt
include both the antenna port and the downstream port. I'or d

example. in one renlote umt (702) the A(ii function (726)
samples the dov, nstream signal path (750) and the antenna
port input (751). If the dynamic mange of either input is
greater than theallowablc maximum, thc AGL I'unction
(726) instnicts the attenuation function (711 and/or 721) of o

thc ilpploplultc UlpU( to dttcnUaic that palncullll sl nal.
1'he fair and balanced attenuation metlxld can be

employed in the embodiment of Ill(i 7 as illustrated in
FIGS. 10 and 11. However. this embodiment is not limited
to any one attenuation method. 11

FIG. 8 illustrates a block diagram of one mnboduncnt of
sys(mn having distributed summauon and gain control

with head end controlled, distnbuted attenuation. Tlus
embodiment uses an A(il, function (820) at the host unit
(825) to provide feedback (830) to the remote units io
(801 804).

Each remote unit (801 804) has an attenuation hinction
(810%13) at Ihc an(mme port to provide appropnateatlmlu-
ation (o thc uiput signal. An AGL function (815—818)
samples thc an(cans por('s reccivcd signal ul order IU Si

pmvide individual attenuation instructions to the attmniation
functions (810—813)

Thc mnbodlment of FIG. 8 addiuonally uses an AGL
function (S20) at the host unit (825) to sample the final
aggregate si nal (831). The host unit*a AC)L function (820)
pmvides a head end feedback attenuation signal (830) to the
remote units'GL funcuons (815—818) to use in conjunc-
tion vvnh thc sdnlplcd nlpU( conunUnlcdtlon signal Icvcls.
This feedback signal (830) may take the form ofone or more
bits m the data being transmitted along the optical medium
to the remote units (801 804) from the host unit (825).

lior the case of continuous attenuation. the feedback
attenuation signal is an aitcnuation lector Ibat w composed
of a value between 0 and l. Ilor exanlple. an unattenuated
aggregate of 2 lvould be represented by an attenuation factor
of 0.5. 'I'he attenuation factor is not applied directly to the
individual remote units'ttenuation functions (810 813).
Instead, if a port signal is nlore than 0 5 of the total dynamic
range. the remote units'CiL hinction (815 818) instructs
the appropnate aucnuauon function (810—813) to apply a

0.5 attenuation factor to the port input If the signal is equal
to or less than 0.5, anmluation is not applmd.

Since some of the signals may not be attenuated. the
resulting aggregate signal nuiy still be sightly too lugh. In
this case. the ACiL function (820) at the host unit (825)
ad)usta its fbixlback auemm(ion factor to whatcvcr value ls
needed (e g . 0 4) 1'his value is dynamic and is lowered until
thc dcsncd iigglcgatc slgndl level Is Bchlcvixl.

Using the continuous attenuation method, the host unit*a
AGL function (820) samples the linal aggregate signal (831)
from the remote unit (804) nearest the head end. If the level
Uf the final aggrcgatc sigruil (831) is too large, thc host ulut
(825) pmvides a feedback attenuation factor that starts at
one and ale~a dolvn toward zero When the final aggregate
signal level ls lvrthln honoris (I.c, less tharl thc nlaxlnuun
dynamic range), the host unit holds this attenuation factor.

If the final aggregate signal level later decreases sutTi-

cicntly, the host um( (825) slowly raises thc attcmiation
factor hack toivard one. All of Ihe remote units (801 —804)
apply attenuation only to their own ports according to the
fair and balanced attenuation method discussed previously
This means that the applied attenuation depends on the
respective antenna port's ulput level as well as thc liwdback
factor (830).

Using the stepped attenuation method. the host unit (825)
samples the final aggregate signal (831) from the remote unit
(804) nearest thc head end. If the linal aggregate sigllal (831)
is too large. the host unit (825) provides a feedback attenu-
ation signal that ls an aucnudtion number (hat starts at 0 and
increments towards 6 'Ibis is assuming 6 d)3 steps Other
embodiments usc other ulcrcmmlts.

When the final aggregate BI~I level is less than or equal
to 0 dB (unity gain). thc host unit's ACIL funcuon (820)
holds this number If the hnal aggregate signal level
diorcascs to a prcdc(enmncd level (c g., — 12 dB), the host
unit decreinents the number back towards 0 'I he decrement-
in occurs afier a delay due to system end-to-end response.

In one einbodinlent, all ot the renlote units (801 —804)
apply attenuation to their own ports uccording to thc fair and
balanced attenuation method discussed previously. 'Ibis
means that thc apphed ancnuation dcpmlds on (he rcspccnvc
antenna port*s input level as well as the feedback nmnber

Thc lbllowing table Illustrates one example of the stcppcd
fair attenuation as applied to the enlbodiment of ill(i. 8
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It can be seen in the table that a remote unit's attenuation
only allbcts tts port signals. There is a 12 dB window
betw tun Ihe decision to tncrcaac aliemiallon tmd Ihc decision
to decrease attenuation If all ports have the same signal
level, a step increnient affects them all and causes 61 di3 nlore
attenuation in both the individual and aggregate signal
levels. But if some of the signals are of difibrent level~. only
the largest signals are attenuated by 6 dB. This results in Bn

dggrcgdlc addiuonal lcvcl attenuation Ihdl ts less Ihan 6 dB.
FIG. 9 illustrates a block diagram of one mnboduneni of

a system bavin distributed summation and gain control.
'I'his enlbodiment puts the attenuation decision making v ith
the individual remote units (901 904) while srill providing
the feedback of the attenuation factor.

In this embodiment, the final aggregate signal is sampled
and 0 li:cdback attenuation factor is passed toward Ihc tail
cnd of thc system. Tlm fi:edback cmi bc accomplished by
embedding the attenuation factor in a data frame that ts
transmitted over the comniunication medium to the remote
units. The data frame format and uce is lvell known in the art
and not discussed further In other embodiments. dedicated ii
bits or a continuous value are used for the feedback.

Stnnlarly, thc AGL function (910—913) of each rmnotc
umi (901 —904) also samples thc aggregate st~pal at thc
output of the summation (920—923) for that particular unit.
'I'he sampling A(il function then passes an attemiation
factor to the precedin remote unit*a tkGL hinction
(910 913) in a data frame

As an cxamplc, the AGL function (913) of thc head cnd
remote unit (904) smnples the final aggregate signal level
and aenerates an attenuation factor 'I'his factor is fed hack
in the direction of the tail end to the next remote unit (903)
in the daisy-chain. Tlfis remote unit (903) samples the si rml
level out of the summation (922) at that unit and generates
an auenuation factor basixl on tlmi level. 11us lictor is fcd
back to thc next remote unit (902) ui thc daisy-cluttn

Every remote units'901 904) AGL fhnction (910 913)
has two attenuation factors: the one from its local evaluation
of its antetuia port (I.eu the local attenuation signal) and the
one from tlu: upstrcum unit (I.cu towards Ihc head cnd) The
AGL function (910—913) applies Ihe more severe lictor of 6

the two to its port attemiation and passes this factor on
toward the tail end.

In Ilus embodimmit, the host unil cncraies the lughcsi
dliclludtlou factor bix duse Im Bgglcgatc slgllai ls Illc lal csl.
Because ol'he fi:edback, all rmuoie uiuts usc Ilus Iimtor to 10

apply attenuation Since all of the reinote units also saniple
tlietr iiivo;llltcllll,'I porn thcv will;lpplv tlii Bticiulatlollot'ittleattenuation to sufhciently small signals. The remote
units will also apply large attenuation to large signals

If there is a brcak tn thc fccdback path, die a grcgate 64

sampling at each remote unit prevents any unit'4 aggregate
signal from overfloiving. I'urthermore, all units from the tail

mid to thc poult of the brcdl will perform I'air slrdnng of thc
aggregate signals amongst themselves Siniilarly, all units
from the break to the head end v ill perform fair sharing of
the aggregate signals amongst themselves I lowever, the tail
end group is favored over the head end group.

Numerous modilicanons and vanauous of thc prcscnt
invention are possible in light of the above teachings It is
therefore to be understood that within the scope of the
appended claim~, the invention may be pmcticed otherwice
than as specificaily described herein.

What is ciainted is
I A method lor gain distribution ln u system compnsulg

a plurahty ol'isuibutcd antennas aud a total system
dynamic range. thc method compnsuig.

sensing a signal level at each of the plurality ofdistributed
antennas;

comparing ai least one of Ilu: plurality ol'ignal levels
v ith a dynaniic range fair share threshold; and

attenuating each of the at least one of the compared signal
ICVCIS Illat IS glcdtCI Ihdll IhC ilvlltillllC rtillgC IBII Shale
thrCSllttlil Willi 0 gil ill fiiCIor Illtit is ih:ICmllllixl tu
response to a remaining portion of the total system
dyne tnic range after attemiati on ofother signal levels of
the plurality of signal levels.

2 Thc method of clami 1 whereui the dynamic rmige I'air

slmrc tlucshold is uiitially dciennincd by an uivcrsc of a
quantity of the plurality of distributed antennas

3 The method of claim I Bnd further including
sorting Ihc sensed signal levels in un usccnding order prior

to comparing; and
updating the total system dynamic mnge. after attenuation

of each signal level, by allocating unused total system
dyntunic range Io subscqucnlly attcnuaicd signal levels.

4 'I'he method of claim I and further including attenuat-
ing with unity gain si nal levels that are less, than or equal
to the dynamic ran e fair share threshold.

5 The method of cldun I wherein II'hc sigiml level is
greater than the dynamic ranee fair share threshold, the gain
factor applied to a first signal level is im ersely proportional
to the first signal level.

6 Thc method of claim 5 whcrcin thc gain factor is
substantially equal to K/x, where K is an inverse ol a
quantity of the plurality of distributed antennas and x is the
first signal level

7 A method for gain distribution ln u distnbuicd muerurd
system having 0 total dyruunic range, the method compris-

l l l'orting

a plurality of signal levels Irom Ihc dtsutbultxi
dlllClllla SVSICIII.

comparing each of thc sorled signal lcvcls with a dyntunlc
range fair sharc Ilucshold,

if a first signal level is less than or equal to the dynamic
range I'air sharc tlueshoki, applying a unity gaul factor
Io thC IIISI Siglldl ICVCI Slid dlVldlllg roulallllllg Ittldl
dyntunic range bclw owl remaiiung signal Icvcls of thc
plurality of signal levels; and

tf thc Iirst signal level ls greater than thc dynamic range
fair share threshold. applying a gam factor that is
inversely proportional to the first signal level.

8 Tlm method ol'laim 7 whcrcin thc gaul factor that is
substantially equal to the inverse of the first signal level is
equal to a quantity of distributed antennas in the distributed
antenna system divided by the first signal level

9 'I'he method of claim 7 wherein the plumlity of signal
levels are sorted in ascending order
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10. A method Ihr gain dislribunon in a distubutcd imtciula

systenl having a system dynamic range. the method coni-

plcsing,'ortin,
in ascendmg order, a plurality of signal levels

from the distributed anteiula system:
comparing a first signal level of the plurality of sorted

stgruil Icvcls with a dynamic mn c fair sharc tlucshold,
if Ihc Iirsl signal level is less Ihan or equal to Ihe dynamic

raime fair share threshold, applying a unity gain factor
to the first signal level;

if the unity gain factor has been applied to the first signal
level. updatin the dynamic range fair share tlueshold
to allocate remaining system dynamic range between
rcnutinuig signal lcvcls, mxl

tf lhc Iirsl st~tal lcvcl w greater than lhc dyiranuc range
fair share threshold. applying a first gain factor that is
substantially equal to the dynamic range fair share
threshold divided by the first signal level

11. The method of cLaim 10 and further includiilg apply-
in a second gain factor to a second si nai level if the second
slgudl lovel Is gri ster lhilu lhc dvllailllc IBIlgc IBU shBrc
tlucshold, thc second gmn factor bein subsuuittally equal to
the dynanlic range fair share threshold divided by the second
signai level.

12. 'I'he method of clainl 10 and further including if the
unity gain factor has been applied to the first signal level,
updating the system dynamic mange by decreasing the
rcmaimng system dynamic range by lhc lirsl signal level 10

w'hlch lht: gala Iarnor hd ~ been Bpphixf
13. A method for gam distribution in a distributed antenna

systenl having a system dynamic range. the method coni-

plcsing,'ensing
a signal level for each of a plurality of received

signals fmm the distributed antenna system:
sorlmg, in asccnduig order, thc plurahly of signal levels,
comparing a first signal level ol'hc plurality 01'orted

stgruil Icvcls with a dynamic mn c fair sharc tlucshold,
if the first sigltal level is less than or equal to the dynaniic

raime fair share threshold, applying a unity gain factor
to the first signal level;

if the unity gain factor has been applied to the first signal
lt:1 t:I, Upddnug lhc dy'llauuc ldugc fall shiite lhrcsllold
to allocate rcmau»ng system dyiranuc ran e between
rcnutinuig signal lcvcls, mxl

if the first sigttal level is greater than the dynamic mange
fair share threshold. applying a first gain factor that is
substantially equal to the dynamic range fair share
tlueshold divided by the first signal level.

14. A distnbutcd Bnteiuia system havm gaul dislnbulion
dnd a Ioldl i!1'llauuc range, lhc sy'110111 colupllsln

a plurality ol'hstnbuted antctuias that receive signals
each having a signal level;

a sorter that sorts the received signals according to each
signal level:

tbreslu&ld compamtor coupled to the sorter. that generates
comparison results in rcsponsc lo a compauson
between a sorlcxf signal and a dynamic range lhir sharc
tlucshold that ts updated wuh a rcmaimng systmn
dynamic range,

a remaining dynamic range calculator that generates the
renlaining system dynamic range by decreasiilg the
total dynamic ran e by each attenuated signal level,
dud

a gain calculator, coupled lo lhe sorter. tlm tlucslxlld
coulparator, dud lhc Icluilullug dvllaltllc IBugc calcltla-
tor, that progressively generates gain factors in
response to the comparison results

15. Thc dtstnbutcd;mleiurd system ol'laim 14 wherein
the distributed antennas are coupled through distributed
sununers over a communication medium

Ib 'I'he distributed antenna system of clainl lgwherein
the communication medium is an optical medium.

17. The distributed antenna system of claim 14 wherein
the sorter sorts the rccmt cd signals ui ascending order in
response lo each* sigtral level.

18. A distributed antenna system liaving gain distribution
10 and a total dynmnic ran e. the system coniprising:

a plurality of distributed antennas that receive signals
each having a signal level,

a signal level sampling function that senses each sfytai
lcvch

a sorter thai sorts Ihe recco cxl signals ul ascending order
according to each sianal level;

a threshold comparator. coupled to the sorter, that gener-
ates a comparison result in response to a comparison
between a sorted sivgual and a dynamic mnge fair chare
threshoid that is updated with a remalnmg system
dynanuc range.

a rcnutintng dynannc r;mgc calculator that gcncrales Ihc
remaining system dynamic mange by decreasing the
total dynanlic ranee by each attenuated sigltal level;

a gain calculator. coupled to the sorter. the threshold
comparator, and the remaining dynamic mange calcula-
tor. that progressively generates a gain factor for each
u:ccivcd slguill ln iiscclxhug order lu rcspollsc 10 erich
comparison result, and

a plurality of attenuators. each attenuator coupled to a
received sigitaf, for attenuatin each received signal in
response-to its gain factor.

19. The system of cLcim 18 wherein the gain calculator
generates a ain factor of unity for a received signal if its

lc signal lcvcl is less Urdu or equal lo thc dynanuc range I'air

allure threshold.
20. The system of claun 18 wherein thc gaul I'actors are

generated in discrete increments
21. A distributed antenna system liaving gain distribution

JC and a total dynamic range. the system comprising:
a plurality of distributed antennas that receive analog

signals each having J signal level rcprcscntcd in a
dlgltill fotlli;

Bu IIUBlttg 10 dl lldl ctillvcrlcr lllal couvcrm lhc iluiilog
siytals to digital signals;

a sorter that sorts the digital stgitals according to each
signal levei:

a threshold comparator. coupled to the sorter, that gener-
ates B colupilllson lesttll 111 rt:spotlsc 10 II coulpill won

0 bclwicn a sorted signal mid a dynamic mngc fair allure
thrCShttld lhdl IS UpddtCd With B remaining SVSICI11

dynainic range;
a remaining dynanlic ranee calculator that generates the

remaining system dynanlic mange by decreasing the
ss total dynamic range by each attenuated signal level;

dud
a gmn calculator. coupled to thc sorter, the threshold

coulpilld tot, alii lhc rclualuulg ilvllanuc I ange cBlcUIB-

tor, that progressively aenerates gam factors in
tc response to the comparison results

22. A method for gain distribution in a distributed antenna
system bavin a system dynamic ran e. the distributed
antenna system beuig coupled by an optical nctworL Ihc
method comprisuig

sc rccclvulg B plUI'illlty'f Budlog slgllals:
converting each analog signal to a digital signal having a

signal level expressed in a digital format;
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sornng, ut ascending order. the piurahty of dt tlat stgnais
according to their signai levels:

comparing a first digital signai level of the piurahtv of
digitai sigttals with a dynamic range fair share thresh-
old;

if the first digltai signai level is less than or squat to the
dyntunic rungc fatr sharc tiucshoid, appiyutg a untty
gaut factor to thc iirst dtgttai stgtrdi level,

if the unity gain factor has been applied to the tirst digitai
signai level, updating the dynamic range fair share

16
lhrcslloiii lo diiocdlc rt:Ittdttttttg sysli:m tiy'tlaltltc Itltt c
between remaining digital signaist and

if the first digitai sigttal level isgreater than the dynamic
range Ihtr sharc liucshoid, applying a iirsl gaut factor
that is substantially equal to the dynamic range fair
sharc liueshoid dn tdcd by Ihc iirst digtlai sigtmi icvci.




