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(57) ABSTRAC'T

A hybrid expansion umt includes at least onc digital commu-
mcation interface adapted to conumuucate first and second
sets of N-bit words of digitized spectrum with an upstream
device. Thehybndexpansionunitfurtheruicludesatleastone
analog conunuiucation interface adapted to conununicate
first and second sets of bands of aimlog spectrum with a
downstream device The hybnd expansion unit is adapted to
convert beni een the first set ofN-bit words ofdigitized spec-
truni and the first set o I'bands ofanalog spccctrum The hybrid
expansion runt is further adapted to convert benveen the sec-
ond set of N-bit words of digitized spectrum and the second
sct of bands ol'nalog spectrum. The Iirst set ol'ands of
anulog spectnun occupy a first frequency rmige and the sec-
ond set of bands of mialog spectnun occupy a second fre-

quency range. The lirst frequency r uige and the second fre-

quency range do not overlap.
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DISTINCT TRANSPORT PAT11 FOR MIVIO
TRAISSMISSIOVS IV DISTRIBUTED

ANTKVVA SYSTK'.)IS

CROSS-REI'ERL'NCF TO RLdLkTED
APPI.I(.'AFIONS

[t)UUI[ The present application is related to commonly
asshyled md co-pending U.S. patent application Ser. No.
ll/150,1020 (hereafter "the '1020 Application" ) entitled
"PROVIDING Wrgri rssrovriRAGr INrosl)BsTAN-
TIALLY CLOSL'D L'NVIRONMENTS", filed on Jun. 10,

2005 (currently pending). The present application is also
relntni to commonly assignnl and n&pending U S patent
apphcauon Ser. No. 12!775.897 (hereafter "the '897 Appli-
cation'*) ehhtitfcxf "PROVIDIN(r WIREI.ESS C'OVFRACiF

INTO SUBSTANTIAI,IJY CT,OSED ENVIRONMENTS",
filed on May 7. 2010 (currently pending). The present appli-
cation is also rclatcd to commonly assiyhed and co-pending
IJ S patent application Ser No IZ'845.060 (hereafler '*the

*0(ifi Application" ) entitled "DISTRIBIJTIJD DICilIAI,
RFFFRFNC:F, C'I,OCK*L filni.iul 28, 2010 (currrultly pend-
ing). The present application hs also related to conunonly
ossiyied and co-pnlding IJ.S. patnht application Ser No
12/913.179 (hereafter "the '179 Application") enutled "DIS-

TRIBUTFD ANTENNA SYSTEM WITH COMBINATION
OF BOTH AI.I, DI(IITAI TRANSPORT AND HYBRID
DICTTAL/ANALOC) TRANSPORI", filed Oct. 27. 2010
(currently pending). The '020 Application, the '897 Appli-
cation. the '060 Application, and the '

79 Apphniuon are all
incorporated hereul by reference hn their entirety.

BACKCiROUND

[UUUZ[ Distributed Antenna Systems (DAS) are used to dis-
tribute wireless sivnal coverage into buildings or other sub-
stantially closed enviromnents. I-or example. o DAS may
distribute antennas vvithin o building. The antennas are typi-
cally connected to a radio frequency (Rl') signal source, such
as o service provider. Various methods of tronsponing theRl'ignalfrom the RF siyial source to the antnmas have been
unplemented in the art.

SUMI«LORY

[0003] A hybnd expansion unit ulcludes at least one digital
comnumication interface adapted to conununicate first and
second acts of N-bit words of digitized spectrum with on
upstremn device. The hybnd expansion unit fiirther includes
at least one mlalog communication interface adapted to com-
niunhcate first and second sets of bands of analog spectnuu
with a downstream device. The hybrid expansion unit is
arhptcd to convert be«veen the first set of N-bit words of
dh itized spectnon uld the lirst set of bands of analog spec-
trum. The hybrid expansion unit is further adapted to convert
betwccen the second set of N-bht ~ords of dh itiznl spectruhu
and the second set of bands of analo spectrum. 11le first set
of bands of analog spectrum occupy a first frequency range
and the second set ol bands of analog spec)nun occupy a

second frequency range, lite first frequency range ond the
secollrl frcqilehlcv r lll r; do not ovr:rlap.

DRAWINGS

[0004] FI(i I is a block diagram of one embodiment of a

system for providing wireless coverage into o substantially
enclosed environment.

[0005] I'IG. 2 is o block diayam of one embodiment of a
master host imit ior thc system ol FICi I

[0006] FIG. 3 is a block dhagr un of one embodunent of a

hybrid expansion nuit for the system of FI(i. 1.

[0007] FI(i 4 is a block rliogram oi'one embodiment oi'mi

analog remote antenna cluster for the system of FIG. 1.

[Ut)f)8] FICi 5 is a block diagram of onc nnbodinhent of a

muster uialog remote anteona uoit for thc mlalo ren«lte
antenna unit cluster of rl(i. 4.

[0009] Fki 6 is a block dia ram of onc crnbodinlent of a
slave analog remote antenna unit for the analog remote
antenna unit cluster of FICJ. 4.

[0010] FIG. 7 is a block dkayam of one embodunent of a

digital expansion unit for the system of FICJ. 1.

[t)t)l I] FICi. 8 is a block diagram ofmlother embodiment of
a system for providing wireless coverage uito a substantuilly
enclosed enviromnent.
[0012] FI(i 9 is a block diayam oi'one embodinlcut ol'a
digital remote antenna uiut for the system of FIG. 8.

[0013] I'l(i. 10 is o block diagram ofone embodiment of a

RF module for the digital remote antenna tuut ol'ICr. 9.

[0014] I'IG. 11 is o block diagram of another embodiment
of o system frlr providing wireless coverage intu a subst:m-

ually enclosed environment.
[0015] FIG. 12 is a tlow diagram of an embodiment of a

niethod oi'ohhuuuhhicotihhg nufltiplc-input nndtiplc-output
(MIMO) signals through a dhstnbuted antenna system
[t)t)16] FICi. 13 is a flow diagram of anotlmr embodiment of
a method of communicatulg multiple-ulput multiple-output
(MIMO) signals tluou J~h o distnbuted antenna system.
[0017] FICi 14 is a flovr diagram of ml embodiment of o

method of converting and transportulg multiple-input mul-
tiple-output (MIMO) signals at a hybrid expansion unit ul a

distributed antenna systnn.
[0018] Iu accordance lvith common pmctice. the vanous
described features are not drown to scale but are drawn to
emphasize specific leatures relevant ul the exemplary
embodiments.

DIJTAH.I'JD DFB()RIP I'ION

[t)t)19] FICi I is a block diagmm of one nnbodiment of a

systein 100 1'or provirling lrireless coverage into a substan-
ually enclosed em ironment. The system 100 includes at least
onc master host unit (MHIJ) 104, at least one hybrid exprm-
s«ln unit (HL'U) 106. and nt least one analog remote muenna
cluster (ARA(j IU8. The system conummicates v. ith a first
service provider interfilce 102-1 and a second wrvice pro-
vider interface 102-2, though greater quantities of service
provider interfaces 1()2 are used in other embodiments.
Fxomplc systnn 100 includes at least onc hybrid expansion
unit 106-1 and at least one analog remote antenna cluster
108-1. The hybrid expansion unit 106-1 is connected to the
master host unit 104-1 using at least one dh ital comluunlca-
tlrlll link 114-1. The analog remote antenna cluster 1 08-1 is
conncccted to the hybrid expansion unit 106-1 using at least
one analog conununicotion link 118.

[0020] Smnc embodiments ofcxamplc system 100 include
various combinations of additional optional components,
such ns a digital expansion unit 110 and greater quantities of
master host units 104 (such as optional master host huiit 104),
hybrid expansion units 106 (such as optional hybrid expan-
sion units 106-2 and 106-3), and!or mhalog remote mitcnna
clusters 108 (such us optional analog remote antenna clusters
108-Z tluough 108-6). The optionol liybrid expansion units
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106 are connected to master host units 104 using digital
communication links 114 and thc optional analog rmuotc
anlenna clusters are connected to hybnd expansion units 106
using analog communication links I',ach optional nui ster host
umt 104 operates according to the description below. In adtdo
tion, each digital expansion unit 110 operates according to the
description below. Similarly, each optional hybrid expansion
unit 106 operates according to thc description below. In addi-
tion, each analog remote antenna cluster operates according
to the description belov

[0021] In some embodunents of system 100, optiotud ana-

log reimitc antenna cluster 108-2 is conncccted lo the hybrid
cxpialslon unit 106-1 living al le&Is& 011&: ailalog conliniliiica-
tion link 118-2. Further, some embodiments of system 1UU

include optional hybrid expansion unit 106-2 connected to
the master host unit 104-1 using at least one digital commu-
nication link 114-2. In some embodiments, optional analog
rmuotc antenna cluster 108-3 is connoctcd to hybrid expmi-
sioil liint 106-2 thi'&iiigh at least elle BIIBIO conlinlilllciltioll
link 118-3 and optional analog remote antennn cluster 108-4
Is connected to hybnd expansion unit 106-2 tluough at least
oilc Bilalog coinnlinliciltlol'I link 1 18-4.

[0022] In some mnbodimcnls of system 100. optional digi-
tal expansion unit 11U is connected to master host lulit I U4-1

using at least onc digital communication link 114-3. I'urtlmr,
some embodunents of system 100 include optional hybnd
expansion unit 106-3 connected to the optional digital expan-
sion unit 110 using at least one digital expansion communi-
canon hnk 126-1. In some embodiments, optional analo
remote mltenna cluster 108-5 Is connectssf to hybrid expan-
sion I!&111 106 2 lln&iilgh Bt le&Is& &iilc Billing coininunlcalioil
link 118-5 and optional analog remote antemm cluster 108-6
is cmmectcd to hybrid expansiml unit 106-3 through al least
one analog conununication luik 118-6

[UUZ3J L'ach service provider interfaces 10Z, such as ser-
vice provider interface 102-1 and service provider interface
102-2, may include an interface to one or more of a base
transceiver station (H I'), a repeater, a bi-directional mnpli-
fier. a base station hotel or other appropriate interface for one
or more service provider networks. In one embodunent, sys-
lem 100 distributes a multiple-input imi i&i pie-output (MIMO)
signal having a fiist MIMO p ah ands second MIMO path. As
dcscfibcd belov, the first and second MIMO paths provide
lw 0 distinct MIMO paths from Ihe master host unit (04 to the
antennas. The combination of the lirst MIMO path and the
second MIMO path facilitate tmnsniission of n MIMO signal
Service provider interface 102-1 is an uucrface for the first
MIMO path and service provider interface 102-2 is an inter-
face liir the second MIMO path

[0024] The services may operate usin vurious wireless
protocols and in various bands of frequency spectnim. For
exaluple. Ilia services may include. but are no& I united to. 800
MHz cellular service. 1.9 GHz Personal (.:onununication Ser-

vices (PCS), Specialized Mobile Radio (SMR) scivic&ea

I.nh meed Special Mob de Radio (IISMR) services at both 800
MHz and 000 MHz, 1800 MHz and 2100 MHz Advanced
Wimlcss Scrviccs (AWS), 700 MHz OC/ABC s&rviccs, two

way paging services, video services. I'ublic Safety (I') ser-

vices at 450 MHz, &)00 MHz and 18(X) MHz (ilobal System
for Mobile Conumuucations (GSM). 2100 MHz Ltmve&SBI

Mobile Telecommunications System (UMTS), Worldwide
Intcropcmbility for Microwave Access (WiMAX), 3rd Gmi-
emtion Parinerslup Projects (3GPP) Long Tenn Lvolution
(LTH), High Speed Packet Access (HSPA). or other appropn-

ate conumuucation services. Tile system 100 is capable of
transporting both Single Input Single Output (SISO) and

Multiple Input Multiple Output (MIMO) so&vices at any of
the frcequencies described above. The system 100 can support
any combination of SISO and MIMO Bi@lais acmss various
b uids of frequency spectrum. In same example embo&h-

mcnts, the system 100 mny provide MIMO streams for
WiMAX, ITF., and HSPA services while only pmviding
SISO streams for other services. Other combinations of
MIMO and SISO services are used ul other embodiments.

[UU25] ln system 100. service provider interface IUZ-1 is
connected to master hosl unit 104-1 over an analog conunu-
nication link 112-1 and service provider interface 102-2 is
conncected to master host unit 104-1 over nn analog comnui-
nication link 112-2. bach of analog communication link
112-1 and nnalog communicution lnlk 112-2 includes iwo

analog comnulnication medi i, such as coaxial cnbles or fiber

optic cables. One analog communication media is for down-

stream conununication and the other is for upstream commu-
luciln&ill, The dov, nslremn and upstream analog communica-
tion mcsfiiI hmv. bccn shov'n as a single analog
conuuunimition link 112-1 mid n single muilo communica-
tion link 112-2 for simplicity. In other embodiments, analog
communication link 112-1 only includes a single physical
media. which is used to carry both the downlulk and uplink
streams bctwcen the service provider interface 102-1 an&1 the
master host unit 104-1. Similarly, analog conunumcation link
11Z-Z only includes a single physical media. which Is used to
cany both thc downlink and uplink streams between thc
service provider interface 102-2 and the master host uiut
1U4-1.

[0026J The master host unit 104-1 receives first down-
stfcaln bands of radio f'requency (RF) spemrum rcpresentmg
the first MIMO path from service provider interface 102-1
over the mialog communication link 112-1. In nddition, the
master lmst unit 104-1 rcweivcs secoml downstremn bands of
RF spectnun representing the second MIMO path from ser-

vice provider interface 102-2 over thc analog communication
liok 112-2. In nddiuon. Ihe mnstcr host iuut 104-1 sends lirst
upstl'cain bands of mdio frequency (RF) spectnun to the
service provider interface 102-1 over tlm analog comnumica-
tion link 112-1. In addition, the master host unit 104-1 sends
second upstream bmlds of radio frequency (RF) spectmml to
the service provider inmrfacc 102-2 0vcr th&'. Bllahig c&imluli-

nication liok 112-2.

[0027] In other embodunents, the service provider inter-
face IUZ-1 mid the service pmvider interface 102-2 are con-
ncvted to tile master host unit 104-1 using respcxtive digitnl
conuuunication links each usulg at least one di ital conunu-
nication media 11uis, while this disclosure de~cribes analog
comnnuucaiion lulk 112-1 uid analog communication link
112-2, the fomlat of these interfaces is not essential to opera-
tion ol'system 100 II'mi mining interface is used, thc master
host unit 104-1 comverts the analog sigial to n digital I'ormat

as described below. If a digital interface is used, the master
host unit 104-1 will either communicate lhe digital data as is
or reformat the data into a representation that can be used for
transport within thc digital doniain 116 dcscribcd below. In

example embodiments using a suigle physical medium for
each analog conummication hnk 11Z. frequency division
nniltiplcxing (FDM). time division nniltiplexing (TDM), and
opucal 0 avelcogth division muitipl exing (WDM) ure used to
achieve a duplex connection over the sing)e medium.

Ericsson Inc. v. Dali Wireless, Inc. 
EX-1013 Page017



LIc] 20 [2/0 [77026 AI
3

3ul. 12, 2012

[0028] System 100 uses both &hgital nnd analog tminsport to
extend the &mwcragc oDbe w irelcss services into tlm substmi-
tially enclosed enviroiunent. I'&rst, system 100 uses d&g&tal

transport over at least one digital communication link 114 to
transpor& dig&tired RF spectrum between thc master host un&t

104-1 and the at least one hybrid expansion unit 106. This
digital RF spectrum includes both the first MIMO path and
&lie second MIMO pub In some embodiments including
digital expans&on unit 110, the system 100 uses digital trans-
port over a digital conununicntion link 114-3 to te&nsport

d&g&&ized RF spectrum including the first and second MIMO
paths benveen the master 1&ost unit 104-1 and the digital
exp u&s&on unit 110. I ach d&gital communication link 114
includes two d&g&tal conunun&cauon media such as fiber optic
cables. One digital conun&u&ication medium is for dnwn-
S tl'ei&ill comlllulllc it&oil i&&id tile otllei is fol &&ps&I'ei&ill Coilllllu-

nicat&on. '11&e dov, nstream and upstream digital commiufica-
tion media have been shown m a single d&gital

comnninication link 114 for s&mplic&ty.

[0029] The areas of d&gital transport are culled the d&g&tal

donmin 116. In other implementations, digital uansport can
bc used to transport between other components as well and
the d& ital dome&n 116 is more exp uis&ve In other embod&-

ments. each digital communication link 114 only includes a

single physical media, which is used to carry both the dr& w n-

link and uplink streams betv;een the master host unit 104-1
and the at least une digital expansion unit 110. In cxmnple
embodiments us&ng a s&ngle phys&cal media for each d&g&tal

communication link 114. optical multiplexing techniques
(i.e, wavelength division multiplexing (WDM), coarse iva&m-

length div&sion multiplexing (CWDM), or dense wavelength
division multi pl exing (DWDM) ) are us ivI to achieve a duplex
coll&lee&loll over tile. Slilgle 11&ed&&lilt.

[0030] While an optical fiber is used in ihc example system
100. other appropnate communicat&on medui can also be used
for the digitnl trnnsport. For example. other embodiments use
I'ree space opticw high speed copper or otlmr wired, w ireless,
&il optical communication media for dig&tal transport instead
of thc optical fibers used in each of thc at least one digital
comniunication link 114 By using d&gital trmisport over the
at least one digital conununication link 114, tl&e bands of RF
spectrum providkxi by the scrvicc provider interface 102 can
be transported over long distances with nu&umal errors and
more resiliency and robustness to signal loss and distortion of
the physical medium Thun systen& 100 nu&y extcml m&veragc

for v irel ess services to buildings located sign&ficant distances
from the service provider interface 102.

[0031] Second, system 100 uses analog transport over at
leilst ol&eat&ale cou&ll&ulrlcatlon lmk Ilgbetween then& least
one hybrid expans&&ui unit 106 and the at least one analog
remote nnmnna cluster 108 to extend tlm reach of the digital
transport into the substanually enclosed environment. Iiach
analog conununication link 118 includes two analog conunu-
nication u&cxfi;&. such m coaxial cables O&1&.'l'&ak&g c&imm&l-

n&cat&on med&a is for downstre un commumcat&on u&d the
other is for upstream conununication. The downstream and
upstream analog commun&cation media Imwe been shown as a

single analog communication link 118 for s&mplic&ty. While
coaxial cubic is used in thc example systmn 100, other appro-
priate conununication media can also be used for the mialog
transport. The areas of analog transport are called the analog
domnin 120. The first and second MIMO paths nrc trans-
ported in the analog domain us&ng intermediate frequencies
(IF).

[0032] Iu other unplementations, analog tmnsport can be
used io trmisport bet~can otlmr components as ivcll mid the
analog dome&n 120 &s more expansive In other embodime&us,
each analog communication link 118 only includes a single
physical &uediwn, which is used to carry boih the do&vnhnk

and uplink streams between each hybrid expansion unit 106
and each mmlog remote nntcnna cluster 108. In example
embed&ments using a single physical medium fi&r mmb nnalog
comnnuiication link 118. frequency division multiplexing
(FDM), time division muitiplexing (TI&M), and opticalwavc-
length div&s&on nn&lt&plexing (WDM) are used to achieve a

duplex connection over the single medium.

[0033] As d&scussed m further detail below, the vartous
components of system 100 convert the first MIMO path and
the second MIMO path between madio frequencics (RF), vari-
ous intermed&ate frequencies (IF), digitized bands ofRF spec-
trum, and digitized IF As basebm&d representations of the
sig&mls can also be used. &hc invention can be generalized to

convert between analog mid digital s&goals. These vartous
conversions require that the digital domain 116 and the ana-

log domain 120 be synchroiuzed m ume and frequency. T&me

syncluon&zat&on is important to the sampling and reconstruc-
tion of the s&gnals Tin&a synchronization is also unportnnt
when t&me alignment of s&goals in the venous parallel
bmnches of the system is necessary. I'requency synchron&za-
&loll is important to maintainuig theabsolute frexfuency of'the
si nels at the external interfaces of the system. In order to
synchronize tlm digital domain 116 and thc analog dmnain
120. a common re Ierence clock & s distributed throughout both
the digital domain 116 and the analog domain 120 as
dhscribed in detail below This common clock allov,s ii&r

accumste convers&on and recovery between RF. IF, dig&tized
bands uf RF spectrun&, and digitized IF, or more broadly
between analog spcctrtun and digital spectrum.

[0034] FIG. 2 is a block d&agram ofone embodiment of the
master lx&st unit 104 ol'ystem 100 Mnster host unit 104

uic ludes at least one dig&tal-analog convers&on umt (DACU)
202, nt least one digital nniltiplcxing unit (DMU) 204, at least
one d&gital input-output unit (DIOIJ) 206„at least one central
processing iu&it (CPU) 208, at least one master clock distri-
bution unit (M( DIJ) 210, and at least one puiver supply 212.

[0035] The master host utut 104 conuuun&cates the first
MIMO path as a first band of imalog spectnun with service
pmvider interl'ace 102-1 aod the scen&md MIMO path m a

second band of m&slog spectrmn w&th serv&ce prov&der uiter-
faco 102-2 In addition, master host unit 104 includes a

DACU 202-1 coupled w&th service pro& &dcr interliace 102-1
and associated with the first MIMO path. fhe master host unit
104 also includes a DAF'U 202-2 coupled with service pro-
vider uiterface 102-2 and associated with the second MIMO
path These couplings may be accomplished in various ways.
For cxmnple, service provider in&erfacc 102-1 is directly
coupled to DA('U 202-1 tluouvJ& analog conuniuucation link
112-1. In addition. serv ice provider interface 102-2 is directly
coupled to DACU 202-2 througlt analog conunuiucation l&nk

112-2. hi some embodiments. s&ngle serv&ce provider inter-
faces are coup)cd u& nniluple DACU thmugh spl&tters/com-

buiers. Sim&larly, u& some embodiments, multiple serv&ce

provider interfaces are coupled to single DACUs tluough
splitter/mmib&ters,

[0036] As noted above, each analog communication link
112 of system 100 represents two analog media, one for
downstream conmnuiication and one for upstream conunu-
nication. In other embodiments. each link includes greater or
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fewer analog mcxtia. In other embodiments, the nmster host
unit communicates at least one hami of di ital spectnnn with
at least one service provider uiterface across at least one
digital communication link using digital data or digitized
spectnim. In example embodiments where a digital commu-
nication link is used betiveen the service provider interface
and thc muster host unit, thc service provider interface com-
munieates digital dntn directly u ith the master lmst unit and
no mialog to digital conversion. as described below, is neces-
sary at the master host unit

[0037] In these embodiments, the signals from the service
provider interfaces 102-1 and 102-2 ue lirst converied from
analog to di ital before being tmnsmitted across the at least
one digital conununieation link to thc niaster host unit 104

Some example embodunents of master host unit 104 also
include additional DACUs, such as DACU 202-3 and DACU
202-N, itssoctatcxt u iih additioiral service provider intort'aces,
such as service provider utter face 102-3 and service provider
interface 102-N

[t)t)38J Each DA(.'LJ 202 operates to convert between at
lciist oim balIil (if 'inakig spcctiliill iind N bit words of digi-
tized spectrum. Specificall, DACU 202-1 converts the first
MIMO patli between a first band of mining spectrum and a

first set of N-bit words of digitized spectrum. Sunilarly,
DA('U 202-2 converts the second MIMO path between a

second bmid of analog spcmtrum and a second set of N-bit
words of digitized spectrum. In some embodiments. each
DACU ZUZ is implemented with a DigttaVAnalog Radio
TISIISCCIYCI (DART boaIii) COIIIIIICI'Ciallv IIYililablC ft'Oili

ADC Teleconumuiications. Inc. of L'den Praine, MN as part
ol'thc FlcxWavcr" Prism linc ol'products Thc DART bomd
is also descnbed ui I J.S. patent application Ser No. I I/627,
251, assiyied to ADC Teleconuuunications, Inc.. published
ui IJ S Patent Application Publication No 2008/Ul IUI 482,
and incorporated herein by reference. In some implementa-
tions, this occurs in stages, such that the mialog spectrum is

lirst converted to mi IF frequency and subsequently converted
to N-bit words of digitized spectnun. The bands of analog
spcctnim include signals in tlm frcqucncy spectrum used to
ttallspon a wircicss seI'vice, silcli ils iiilY of flic wireless seI'"

vices described above. In some embodiments. master host
unit 104 enables tlm aggreoation and tmnsniission of a plu-
rality of services to a plurality of but idings or other structures
so as to extend the wireless coverage ofmultiple services into
thc structures with a sing)e platfiinn.

[0039] Tlie DMU 204 multiplexes N-bit vvords ol'digitized
spectnun received from a plumlity of DACU 202 (DACU
202-1 through DACU ZUZ-N) and outputs a time-nniltiplexed
digital data strmmi containing both the tirst MIMO path and
the second MIMO path to at least one DIOU 206 (DIOU
206-1 through DIOIJ 206-N). In other embodimentx tlm tirst
and second MIMO paths are multiplexed in other ways. The
DMU 204 also demnltiplexes an upstream time-multiplexed
digital data strmmi containing botli tlm tirst MIMO path and
second MIMO paih received I'rom at least ime DIOU 206. The
DMU 204 outputs a first stream of N-bit words of digitized
spectrum containuig the upstream first MIMO path to the
DACU 2UZ-I. 111e DMU ZU4 also outputs a second stream of
N-bit words of digitiied spcictrum containing the upstremn
second MIMO path to the DACU 202-2, hi some embodi-
ments. each DMU 204 is implemented with a Serialized RF
(SORF boyd) commercially available from AIX'clcccom-
nnuiications. Inc. of Lden Praine. MN as part of the I'lex-
Wave'" Prism line of products. fhe SeRF board is also

described ui U.S. patent application Ser. No. I I/627.251.
assigned to ADC: Telecmnmumcations, Inc. publislmd in
U S. Patent Application Pubhcauon No. 2008/Ul f01482. and
incurporanxl herein by reference.

[0040] Each DIOU 206 conunumcates a tune-multiplexed
digital data stream containing MIMO paths across at least one
digital commmiication link 114 (di ital communication link
114-1 through digital commumcation link 114-N) using diy-
tal transport. Thc time-imiltiplcxcd digital data stream com-
municaicd across tbe digital conununimition link 114
uicludes N-bit words of digitized spectrum for both the lirst
MIMO path mid second MIMO path. I'.ach DIOU 206 also
receives at least onc digibzed muftiptexcxt signal from the nt

least one digital conununication link 114 using digital trans-
port and sends the at least ono digitized ntuttiptcxcd signal to
the DMU 204 for processing. In some embodiments of sys-
tmn 1UU shown in I'l(J 1, the digital communication link
114-1 is cminivtcd to hybrid expansion unit 106-1 mid digital
conumuiication link 114-3 is coiuiected to optional digital
expansion unit 110 DIOIJ 206-1 comnnmicates using digital
trmisport with hybnd expansion niut 106-1 and DIOU 206-2
communicates using digital transport with digital expansion
unit 110. As noted nbove, each digitnl conununication link
114 represents two digital media. one for downstream com-
nuufication and one for upstream conumini cation. In addition
to carrying the digitized multiplexed signals, each diytnl
conumuucation link 114 may also be used to conununicate
other types of inliinmnion such as system managcnwnt infor-
matimi. control information, configuration uifonuation and
telemetry information. The hybrid expansion unit 106 and
digiml remote miteniui unit 122 are described in dciail below.

[0041J Loch DACU 202 and DMU 204 is synchmnized
u it h thc ot lmr compo nmi tv ofminster host uni t 104 mid system
100 generally. Master clock distribution unit 210 generates a
digital master reference clock siyial. This siyial is generated
using miy siable oscillator, such ms a temperature compen-
sated crystal oscillator (TCXO). an oven controlled crystal
oscillator (O(.XO). or a voltage controlled crystal oscillator
()ZCXO) In thc embodiment shoun in FICi 2. the stable
oscillator is inc ludcxt in the master clock distribution unit 210.
In other enibodimentx a reference clock external to the 111us-

ter host unit is used, such as a clock from a base station, a CiPS

unit, or a cesium atomic clock. In embodiments where digital
data is conunutticatixf beniecn scrv ice pmvidcr imerface 1 02
and master host unit 104, the master clock dtstfibutton uiut
210 may derive the reference clock signal from the digital
data stremn itself or an cxtenml clock signal may bc used

[Ut)4Z] The digital master reference clock signal is supplied
to each DA(.lJ 202 mid each DMI J 204 in the nm ster lxi st unit
104. Each DACU 202 uses the clock to convert betv;een at
least one band of analog spectrum and N-bit words of digi-
tized spectrum The DMU 204 uses the clock to nudtiplcx thc
various streanis ofN-bit words ofdigitized spectrum together
and outputs thc multip taxed signal to each I )JOU 206. I'Inis,

the doivnstream digital dam streams output by each DIOU
206 are syncluonized to the digital master reference clock
signal Titus, througli the clockui ol'the downstream digital
data streams, the di ital master reference clock signal is dis-
tributed to each hybrid expansion unit 106 and cacti digital
expansion umt 110 through each corresponding di iuil cmn-
nuuucation link 114.

[0043] ('PIJ 208 is usixf to control each DACU 202 and
each DMU 204. An uiput/output (I/O) hne 216 coupled to
Cl'U 208 is used for network monitoring and maintmiance.
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Typically. I/O lute 216 is an Ethernet port used for external
communication with tfic svstcm Otlmr communication pro-
tocols such as Universal Senal Bus (USB). IEEE 1394
(FfreWirc). mid serial niay also be used Power supply 212 is
used to power various coniponents within nmster host unit
104.

[0044] FICi 3 is a block diagl'alu ofouc clllbodiment ol'a
hybrid expansion umt 106 ol system 100. Iiybnd expansion
unit 106 of sysmm 10() includes at lctst oiw. digital input-
output unit (DIO(J) 302. nt least one digital n«dtiplexing unit
(DMU) 304. a first Ihgital-armlo conversion unit (DACU)
306-1 and a second digital-analog conversion unit (DA( U)
306-2, at least one analog multiplexing iuut (AMIJ) 308. St

least one centml processing unit ((.:I'U) 310, at least one
digital expansion clock unit (BFC'II) 312, at least onc annlog
domain reference clock uiut (ADRCU) 314, and at least one
potter supply 316.

[0045] I',ach hybnd expansmn umt 106 commumcates at
least one band ofdigitized spectrum with the master host iuiit
104 in thc foun of a multiplexod digitized si nal mmtaining
N-bit words ofdiytized spectnun The multiplexed digitized

signal is receive«I at the at least one BIOU 302 tlimu gh nt least
onc digital communication link 114 In the embodiment
shown in Fl(J. 3. only one DIOU 3UZ-1 is necessary if the
hybrid expansion unit 106 is oofy coupled with a single
upstremn nmster host uiut 104 (or single upstream di ital
expansion unit 110 as described in detail below). In other
mnbodinmnts that require more dnta thniughput than cmi be
lmndled by a single digital data link 114. a suigle hybnd
expansion Imit 106 includes nuiltiple DIOUs 3U2 (such as
optional DIOI J 302-2 through DIOI.J 302-N) that are used to
couple a single master host unit 104 with the single hybnd
expmision unit 106 In other cmbodimcnbc hybrid cxpmision
unit 106 has nniltiple DIOUs 302 (such as optional DIOU
302-1 through DIOU 302-N) and is connected to multiple
upstrcmn master host units 104 or digital cxpmiaiOn unig 110
through digital communication inks 114 In other embodi-
mems. hybrid exp mt sion unit 106 is conncctixf to other hybrid
expansion uniws through DIOU 302 In some embodiments
including multiple upstream connections. tire hybrid expan-
sion unit 106 selects onc BIOII 302 to extract the clock siyial
I'rom

[0046] The at foist onc DIOIJ 302 communicates the mul-
tiplexed digitized signal containing N-bit words of digitized
spectnun to the DMU 304. The DXIU 304 demultiplexes
N-bit words of digitized spcctnmi representing the first
MIMO path and tlm secimd MIMO path from thc di itized
signal received from the at least one DIOU 3UZ and sends the
N-bit words of digitized spccctrum rcprcsenting tlm tirst
MIMO path to the DACU 306-1 and the N-bit weirds of
digitized spcctnim representing the second MI MO patli to the
DAC'U 306-2 BAC1J 306-1 converts the N-bit words of'digi-
tized spectrum representing the first MIMO path to a third
bmid of analog spectriun BA('ll 306-2 converts tlm N-bit
v ords of dtyttzed spectmm representing the second MIMO
path to a fourth band of analog spectrum.

[0047] In somiembodiments. DAC'lJ 306-1 nnd DAC'U

306-2 convert the digitized sigvnals into intermediate frequen-
cics for simultaneous trmtspoit across a single arming
medium. Specifically, DACU 306-1 corn erts the first MIMO
path from N-bit words ofdigitized spectnun into a third band
of analog spectnnn occupying a first fropmncy range. In
addition, DACU 306-2 convens the second MIMO path from
N-bit words ofdigitized spectnun into a third band ofanalog

spectrum occupving a second frequencv mage, lite third
band ofanalog spcctnim mid the liiurth bnnd o 'a na log spec-
mun are each at a different intermediate frequencies (II's),
allowing both the first MIMO pnth and the second MIMO
path to be simultam«msly conununicatcd across an analog
mednnn as described below. In some other embodiments. the
at least one DA(.f J 306 converts the digitized signal back to
thc original analog frequency provided by the at least one
service provider interface 102. In other embodiments, other
components are included in the hybrid expmision unit 106
that frequency convert at least one band of analog spectrum
output by the DA('U 306 into an intermediate frequency for
trmisport. In other embodiments Inclutbng addi t«iiud MIMO
paths or other siyia is, additional DACU 306 are used, such as
DA('U 306-3 and DACU 306-N

[0048J Each DACU 306 is coupled with the AMU 308.
Fach DACU 306 also converts at least one band of nnalog
spectrum recetved from the AMU 308 into N-bit words of
digitized spcctnnn AMU 308 rcccivcs multiple bnnds of
analog spectrum from nndtiple DACU 306 mid multiplexes
the bands of analog spectrum togetlier into at least one mul-
tiplcxcd an~log sigmil including multiple hands of analog
spectnim In some embodnn ants. there area plurality o I'mul-

tiplexed analog signals output from the AMU 308. In some
embodunentg all of thc bands of analog spec)atm from each
DAC U 306 are included on each multiplexed siyia I output by
AMU 308. In other embodimmits, a subset of tlm bands of
analog spectrum from a plurality of DACU 306 are nuilti-
plexed onto one signal output on one of the at least one analog
conmiunic;«ion lfrdc 118, while a different subset of bands of
analog spectrum from a plurality of DACU 306 are nudti-
plexed onto miother siyial output on another of the at least
one uialog comunumcation link 118, ln other embodiments,
different combuiations of bands of analog spectrum from
various BAC11 306 are mul tip fcxed onto various mialog com-
municauon luiks 118.

[0049] In some embokments. each BACIJ 306 cmnvrts a

band of digitized spectnun to a different analog frequency
from thc otlmr I )AC:II 306. Fach band of analog spectruni is

pre-assfgncxf to a particular analog frequency. Titan, the AIC11 J

308 nuiltiplexes the various pre-assigned analog frequencies
together. in addition to the analog domnin rcfi rcnce clock and
any communication, control, or command signals and outputs
tllct'll

Us lllg at 8'as I otic atla log colmuunt catt oil link 1 18. Spe-
cifically, I 1AC:IJ 306-1 converts the Iirst MIMO path bc twccn
the first N-bit words of digitized spectrum and a first inter-
mediate frequency (IF) Similarly. DACIJ 3()6-2 converts the
second MIMO path between the second N-bit words of diy-
nzed spectnun and a second intermediate frequency (IF). The
AMII 308 then nniltiplexes the first and second MIMO paths
to ether and outputs them usuig the analog commuiucation
link 118-1.

[005UJ In other embodiments, each BA( U 3U6 converts a

bmid ol'mialog spoctrum to thc sanw. analog I'rcqucncy as the
other DACU 306 Then. the AMU 308 shifts the received
signals into distinct analog frequencies and nndtiplcxes them
Iogi'tllcl Ill«l COIputs tflciu usulg at least otic SIIaklg comlllil-
nication link 118. Specifically, DACU 306-1 converts the first
MIMO path between tlm first N-bit words of digitized spec-
trum and a first analog spectnun. Sunilarly, DACU 306-2
converts the second MIMO path be«veen the second N-bit
words of digitized spcctnmi and a second analog spectrum.
1he AMU 308 then slufts the first analog spectrum to a first
intermediate frequency (IF) mid shifts the second analog
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spectrum to a second intermediate frequencv (Il']. The AMU
308 multiplcxes lhc first and second u&lermediatc lriqucncies
together and outputs them using the analog commuiucat&on
link 118-1.

[U051J In the embod&ment shown in FICJ. 3, the AMU 308
multiplexcs tlm analog I'requencics rimeived fiom cack
DACU 306 onto each analog communication link 118. In
other embodiments. bands of frequency spiectrum fmm cer-
tain DAC.'U 306 arc selectively distributed to certain annlog
comnn&nication l&nks 118. h& one example embodiment, ana-

log conununication link 118-1 is coupled to analog remote
antenna cluster 108-1 and only a first subset ol b u&ds of
analog spac to&m are transported using analog conununi cat&on
link 118-1 Further. a&slog conimimiaation link 118-2 is
coupled to u&slog remote antenna cluster 108-2 (shown u&

FI(J. 8 and descnbed below] and only a second subset of
b u&ds of analog spectnim nre transponcxI usm analog com-
nnuucation 1&nk 118-2. In m&other embod&ment. a iirst subset
ofbands ofanalog spectn&m are transponixI to analog remote
antenna cluster 108-1 using u&afog commun&cnt&on link
118-1 and a second subset of bands of analog spectmm& are
transported to the same nnalog rcnu&tc antenna cluster 108-1

us&ng m&slog commun&catmn hnk 118-2 It is understood that
these exmnples are not limiting and that other systan topolo-
gies, hierarchies and structures arc used u& other embodi-
ments.

[0052] Bach DMU 304. DACU 306, m&d AMU 308 is syn-
chronized vnth the other components of hybrid expansion
unit 106 and system 100 generally In the example embed&-

ment shown in I'ICI. 3, DIOU 302-1 rece&ves the data stream
I'rom a master host utut 104 via a digital cmnmnnication link
114 &n an opt&cal Ibnnat. DIOI.I 302-1 converts the data
stream from the optical format to un electrical format und
passes thi. dnhs stream onto the DMU 304 The DMIJ 304
extracts the d&g&tel master reference clock s&g&sal fn&m the data
stream itself. Because tfm dnta strcnm was synchronized with
the digiud nmsier rel'erencc clock signal al the master host
unit IU4, it can be recovered from the data stream itself. The
extracted digital mnstcr rcfercncc clock signal is sent to the
digital expmisim& clock unit 312. Fach DIOU 302 is m&l

required to be synchronizcxI to the other parts of the hybrid
expm&sion unit unless it perl'orms sonw. type of function tlat
requires it to be synchronized. In one embod&ment, the DIOU
302 performs the extmction of the digital master reference
clock in which case it would be synchromzcd to thc ranaindcr
of the hybrid expansion unit.

[0053] The digital expans&on clock u&ut 312 rece&ves the
digital master reference clock siy&al extracted fmm the data
straun receival lrom the master Imst unit 104 The d&gital

expans&on clock un&t 312 conunun&cates the d»tal master
reference clock signal to variuus compoiwnts of the hybrid
expm&sion unit 106. &ncludmg tlm DMU 304 m&d each DAC'U

306. I'iach DMU 3U4 and DAC'U 3U6 uses the digital master
rcl'ere&wc ck&ck signal In synchronize itself ivith the system
100. In other embodunents, the d&gital expans&on clock unit
312 could receive a copy of thc data stream from tlm DMU
304 and extract thc digital master re(i:rance clock signal I'rom

the data stremn itself. In some embodiments. each DIOU 302
is selectablc and configurnblc, so tlat one DIOU 302 cm& be
selected to rece&ve the digital master reference clock s&yu&I

and other DIO(is 302 can be used to send the digital master
refcrcncc clock signal ups&ream to other system compo&mnts,

such as secondary master host &uuts. d&g&tal expans&on un&ts.

or other hybrid expansion units.

[0054] Iu addition. the d&gita( expansion clock unit 312
distributes the digital nmstcr rcfi:recce clock sigiml to the
analog domau& reference clack unit 314. 11&e analog dome&n

refcrencc clock unit 314 in tun& vawrates an analog donuiin
re(i:re&me clock signal basal on the digital master refi.raice
clock signal. 11&is analog domain reference clock s&gnal is
used to synchronim analog components in tlm hybrid expan-
sion unit 106, such as mralog frequency conversion funclums
intheAMU 3U8. Inaddition.theAMU multiplexes theanalog
domain refercncc clock sim&a( onto thc n&ultiplexed signals
sent on each analog conununication l&nk 118 to the at least
one analog remote antenna cluster IU8.

[0055] In the embodiment of hybrid expansion unit 106
shown u& FIG. 3. the analog domau& reference clock umt 314
generates the analog domo&n reference clock signal by run-
ning the digital master reference clock sip»&l through a phase
locked loop cu'cuit, In some embodiments. the d&g&tal master
reference clock signal is approx&mately 18432 Ml Iz and the
analog domau& reference clock s&gnnl is generated as a 30.72
Ml Iz clock based on the 184 32 MI iz d&g&to 1 nmster reference
clock signal. Thus, the 30 72 MHz clock is imiitiplcxixI onto
the multiplexed signals sa&t on ench analog c&immumcation
link 118 to at least one analog remote antenna cluster 108.

[0056] ('PU 31(l is used to control each DMU 3U4 and each
DAC'U 306 An input/output (I/O] linc 318 couples( to C'PU

310 &s used for network monitoring and maintenance. Typi-
cally, I/O line 318 is nn I'Jthernet port used for external com-
muiucauon vath the system. Power supply 316 is used to
po&ver various components witlun hybrid expansion unit 106.

[0057J In add&tion to perform&ng the analog frequency con-
ver &on funcuons descnbed above. the AMU 308 couples
pou er onto the analog conumuu cat i on lu&k 118. 1 lus pou er is
then supplied through tlm analog communication link 118 io

the downstream analog remote antenna cluster 108. includ&ug

master analog remote antenna unit 402 and slave analog
&run&le su&tenne units 404-1 as dcscnbcd bek&w The power
coupled onto the analog commun&cat&on luik 118 is suppl&ed
from the power supply 316. In thc example embodiment
shou n, 54 vo(L& DC's received by AMU 308 from lhe power
supply 316 and is coupled to the analog communication 1&nk

118 by AlvBJ 308.

[0058] The hybrid expansion uiut 106 shown &n I'ICJ. 3

sends m&d receives digital signnls from the upstrenm and
sends and recewcs analog signals m the dou nstream ln other
example hybrid expansion units. both analog and &hgital sig-
nals can be sent in the downstream acmss various n&edia In

one exmnple embodiment n dig&tal dounslrean& output l&ne

(not shown) is connected to the dov nstream side of the l)M(J
304 and goes thmugh a DIOIJ before being output in the
do&vnstream. This digital downstream line does not go
through a DA(JIJ 3()6 or the AMU 3U8. In other example
embodiments ol'he hybrid expansion unit 106. various other
comb&nations ofupstream and downstream digital and analog
signals can bc aggregated, processed, routed.

[0059] In the einbod&n&enl~ descnbed and dep&cted u&

FIGS. 4-6, the tenn analog intermediate frequency (IF] spina
trum is used u& describe thi. annlog signals transported in the
analog domain 120 between the hybrid expansion uruts 106
and the analog remote nntenna clusters 108

firn

tenn nnalog
II'pectmm is used to d& stingu& sh the s&p&ala from the analog
ICF spectrum format that is comnnu&icated to the service
provider interface and tlm mobile devices over the air inter-
faces discussed below. Bxample system 100 uses analog IF
spectnun for transpon within the analog domain 120 that is
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lower in frequency than the analog RI'pectrum. In other
example cmbodi ment 8 tlm RF spcctruin cun be transmittcxf at
Its native tyequency ultimo the analog domain 120 or using an
mining IF spectnun that is higher in frequency than the muilog
RF specirmn

[0060] FIO. 4 is n block dii ram of one embodiment of an
mialog remote mitr:nna cluster 108 for system 100 Annlog
remote mlienim cluster 108 includes a master analo remote
mitcmm unit 402 and a plumlity of slave nnalog remote
mitcniui unius 404-1 through 404-N In other enibodunents,
other configurations are used uistead of this master/slave
configuration, suchasjust nsingleanalogremotcantennaunit
connected directly to tile hybrid expmisnm unit.

[UU61[ In example analog remote antenna cluster 108, the
mali&'.I illlalilg Ielluuc ill&ten&Ill Ill&it 402 is miupled to at least
one analo conumuucation luik 118. In the embodunent
shown in Flff. 4. &Im at least one coaxial cable includes two
coaxuil cables A first coax ml cable is uvvd to transport doii n-
stremn communication from a hybrid expansion unit 106 and
thc anakig remote mitenna cluster 108. inc haling the ban&La of
doii ns &ream analog spactnnn asso cuit ed with the service pro-
vidcrs. A second coaxial cable is used to transport upstream
communication I'rmn thc analog remote mitmina clast&:r 108
to the hybnd expansion unit 106, including the bands of
upstream analog spectrum associated with tlm service provid-
ers. The doilnstremn analo spectrum uid the upstremn ana-

log spectrum are transported on separate coaxial cables in this
exmnple cmbodinwnt due to bandwidth liniitations of the
coaxial cable being used ns media. In other exmnple embodi-
ments. a single analog conununication link 118 is used to
tr uisport both the dounstream and upstream analog spec-
trum. In other example embodunents. the nt least one analog
communication link 118 includes greater tlran tivo ciraxial
cables in order to traiisport even more be&vis. In other ex miple
embodiments, different media such as twisted pair ti.e.,
unsfiiclded m isted pair (I JTP) or scrlmncxf unshielded twisted
pair (Sc TP)) „CATV cable, or optical fibers are used to trans-
port the mialog signaLs in&tend of coaxial cables.

[0062] In example analog remote uitenna cluster 108, the
master analog remote antenna unit 402 coordinates the dis-
Iribution ol various bands of analog RF spectnim to various
slave analog remote antenna ututs 404 through malog com-
municntiim links 406 The mnstcr arming remote antenna unit
402&a discussed in further detail below In the exanlple analog
remote antenna cluster 108. each slave analog remote antenna
unit 404-1 through 404-N rcceiiv. at least one band ofanalog
RF spectrum from the master airakig remoie antenna unit 402
I'.ach slave analog remote mitenna unit 4 U4-I through 404-N
tlmn t ran In&its and receives the at I en st one band of'analog RF
spectrum wirelessly across an air medium usuig at least one
mitenna The slave analog remote antenna lmit 404 is dis-
cussid in Iiurther detail beloiv In onc cxamplc embodiment,
the first MIMO path and the second MIMO path are both
comnumicated from the master host unit to at least one of the
slave mialog remote antenna un&Is 404, such as slave analog
remote antenna unit 404-1, lvhich in turn conununicates the
first and second MIMO pa&in across nir nuerlbces as dis-
cuss&xf beloiv.

[0063] I'l(i. 5 is a block diagram of one embodiment of a

master analog remote antenna urut 402 from the mialog
remote antemm cluster IUS. Master analog remote antenna
unit 402 includes mi analog interface unit (AIIJ) 502, an IF

signal conditioning unit 504, an ill siyial distnbution iuut
5U6, a master remote reference clock 508, a poiver supply

510, nnd u contmller 512. Other example embodiments of
master unclog remote antenna unit include greater or fewer
ciinlpollcllts

[0064] The at least one analog commumcation link 118 is

comiccctcd to the master analog reniote mitennn unit 402
throuvhtheAIU 502. Oncoftheprimary fiuictionsoftheAILJ
is to handle any type of media conversion tlmt may be neces-
sary which in some embodunents may involve impedance
trm&sfiirmanon Specifically. in the cxampk: mnbixlimcnt
shown in FIO. 5, the AIU 5U2 performs impedance conver-
sion from the 75 olmis of the coaxial cables carrying the
doil nstream and upstream bands ofanalog spectrum to the 50
ohms used within the niastCr 'It&Clog rcni(11c illltC&illa lll&11 402.
The A III 502 also includes a coupler t that is used to extract tlm

DC power received from the hybnd expansion unit 106 across
the at least one anafo communicalion hnk 118.

[0065] In addition, the unalog reference clock siyiul is
extracted from tlm signal received from t1m hybrid expansion
umt 106 across the at least one analo conummicauon luik
118 Tliis analog reference clock signal is sent to the master
rcmotc rcl'ercncc clock umt 508. Any control signals rcceivcd
from the hybrid expansion unit 106 across ihe at lais( one
analog communication link 118 are also extracted and sent to
thc controller 512

[0066] Power supply 510 receives IUD power from the AIIJ
502 nnd then get&crates the necessary DC power for operation
of the various components onboard the master analog rmnote
antenna unit 402. Tlniw muster analog remote anteruui urn&

402 does not need a separate power source other tlmn the
poiver tlmt is received across the at least one analog comnni-
mcation link 118. In the example enibodimenl shown, a DC
voltage is extracted from the siyu&l received across the at least
one uialog communication link 118 by lhe AIIJ 502 A mini-
mum of 28 volts DC ts then used by the pou.er supply 510 lo
geiwrate 5 volts D( and 12 volts IIC to povvr the various
devices ui the ninsieriuudog rmnote mitennn iuiit In additiim,
the power received across the a i&slog conuuunication link 118
is sent by the power supply 510 to the IF signai distribution
uni&506 where it Is coupled onto tllcannklg Ixilulrnllucilli(111

links 406 that connect to each slave analog remote mitenna
unit 404 so that each slave mialog rmnotc antenna units 404
can also derive power from the cable instead of having n

separate extenml power source. 'lima, power for both the
master mralog remote antenna unit 402 and each slave analog
remote antenaa unit 404 is provided by the hybrid expansion
unit 106 throucJ& the analog communication links 118 and
406.

[0067] As notcxf above, the AIU 502 extracts the clock
si nal mid supplies It to the master remote reference clock
unit 508 )he master remote refcrencc clock unit 508 retinas
the ongmai clock sigirai received lmm the hybnd expansion
unit IU6 across the at least one analog conmiunication link
118 In example cmbodinwnts, the master renxitc rcfi.'rance
clock unit 508 processes ihe clock signal through n phase
locked loop tn retina the signal. In this way, noise, distortion,
and other umli:sirablc I:lmimnts arc rcmovcd from thc rcfi.r-
ence clock signal. hi other embodiments, the clock signal is
processed through a tilter to remove ndjacent spurious sig-
nals. The refined signal output from the master remote refer-
ence clock unit 5US is sent to the IF signal distribution umt
506, where it is coupled onto the outputs of thc IF signal
distribution urut 506 that nre connected to the ala~a analog
rc&ilute aintclulal 1&&&its 404. Ill this v;ay. thc Cluster ref&'rctlcc
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clock signal is redistributed by the master analog remote
mitcniui imi( 402 (o all thc slave analog remote mitmina units
404.

[0068J IF signal conditioning unit 504 is confib&ured to
remove distortion in the analog IF signals that traverse the
analog coimnunication luik118 In the example master mia-

log remote antemm unit 402 shovvn in FIG. 5. IF signal con-
ditioning unit 504 performs cable equalimtion for signals
sent mid received across the at least one analog comnuuuca-
tion link 118. The at least one analog comnnuiication link 118
is genemlly quite long, causing the gain to vary as a lunction
of frequency. IF signal conditionuig iuiit 504 adjusts for gain
at various frequencics to cxlualize the gain profile. IF signal
conditiotung unit 504 also performs filtering of the analogIi'ignalsto remove adjacent interferers or spunous signals
bel'orc the sigatals are propugated liirther through the systcni
100.

[0069] Controller 512 receives control signals from the
AIU 502 that arc reccivcx( from hybrid expansion unit 106

across the a( lais( one analog communicntion link 118 C'on-

troller 512 performs control management, monitoring, and
can conligure parmnctcrs I'or the various componmits of thc
master usslog reinote us tenne unit 402. In the example ines ter

min log remote mitmina unit 402, the co ntm lier 512 also drives
the cable aqua(isation algorithm
(0070] II'ignal distnbution umt 506 is used to distnbute
the signals processed by the if'ignal condiuoning unit 504 to
various slave analog rmnote antenna units 404 ncross annlog
comnninication links 406-1 through 406-N. In the exmnple
embodiment shown in FR(. 5. tv'o bands are sent across each
analog conunumcation hnk 406 at two different analog IF
frequencies. As noted above, the Ili signal distnbution unit
506 is also used to couple ihc DC'ower. the anni og rcfi.'rance

clock. and any other commtuucauon signals from the master
analog remote antenna unit 402 onto analog cognomen(ion
link 406. The IF signal conditioning occurs at the IF sigiml
conditiotung unit 504 before the venous analog sty&ala are
distributed at tlm IF signa(distribution unit 506 in tlm embodi-
nient sh&iwn in FI(i 5. In oiher embodiments, the IF signal
conditioning could be done afier the distribution of the analog
sigimls.

[0071] FICc 6 is a block diagrmn of one embodiment of a
slave analog remote mr(mrna unit 404 for the analog remote
:uitenna unit cluster 108 The slave analog re&note antenna
unit 404 includes an analo interfiace unit [AIU) 602, anIi'ignalconditioning unit 604, a splitter/combiner 606, a plu-
rality ofIF mindi ti oners 608. a p 1urahty of frequency convert-
ers 610. a plurality of RF conditioners 612, and a plurality of
RF duplcxers 614. While the slave analog remote antenna unit
404 is descnbed as a separate component, in some exmnple
mnbodimmits. a slave aimlog remote antenna unit 404 is inte-
grated with a &nester mialog rmnote antemia unit 402

[0072] I'Iie AIU 602 is connected to the analog communi-
catimi link 406 Tlm AIU 602 includes a miupler tluit is used
to extract the DC'o~er received &om the master mialog
remote antenna unit 402 across the analog conununication
link 406. The AIU 602 passes th&. extracted DC'pov'cr to the

potter supply 618. The power supply 618 in turn po&vers the
various components of the slave annlog rmnote antenna unit
404. The AIU 602 also extracts control stgatals receiv ed from
the master analog remote antenna iuiit 402 across the analog
communication link 406. The control signals are sent by the
AIU 602 to the controller 616. The controller 616 uses the
control signals to control various components of the slave

analog remote antemm unit 404. In particular. the contml
signals are used by thc controller 616 ui control tile guilt tli thc
Ii'ignal conditionuig unit 604. Adjustments may be made
based on tmnperature changes and et(mr dynaniic factors. 'I he
c&mtrol signals are also used Iior the configuration ol'he
subsequent frequency converters 610, IF conditioners 608,
and RI'onditioners 612

[0073] The AIU 602 also extracts the mialog reference
clock and sends it to thc slave remote mfercncc clock unit
620. In the embodiment shown in FIC&. 6. the slave remote
reference clock unit 620 refines the reference clock sig&tal

using a band pass III(er. In other embodiments, the reference
clock signal drives a phase locked loop ai generate a refined
rcfi:rance clock signal Tlm slave remo(e reference clock umt
620 distnbutes the refined reference clock signal to the local
oscillator generator 622, which generates local oscillator sig-
nals for (lie nnxers used for frequency conversion Tire local
oscillator st nels are eneruted usus a phase locked loop. In
thc example shov n in FICi 6, the local oscillator generator
622 generates four localoscillator Ikequenmes f'r each of'the
carrier sip&ala of a first and second band. A first local oscil-
lator I'rcquency is used I'or doss nlink &bite in a fin t hand and a

secoiul local oscillator frequency is used for the uplink data ui
the first band. A tlfird local oscillator frequency is used f&ir the
do&vnlink dais in a vvcond band and a I&tutti (octal oscillator
frequency is used for the uplink data in the second band. In
other example embodiments, greamr or fewer bands nre used
and rester or few er local oscillator stgamls are created by the
local oscillator genemtor 622. For example. some embodi-
nwnts may require diversity, so that two up(inks nre needed
for each dowel ink and tlu ee local oscillators would need to be
genemted for each band. In example embodiments, the A IU

602 is also used to unpeiance convert between the signul
received on the analog communication link 406 and the statal
pmcessvd by various components of thc slave analog remote
amenna unit 404.

[0074] Vnrious analog spectrumincluding(hefirstandsec-
ond MIMO paths is received across the analog conununica-
tion link 406 by the AIU 602 is passed to the 11'ignal
conditioning urn( 604 The IF signal conditioning unit 604
filters out noise. distortion, and other undesirable elements of
thc signnl using amplitication and filtering techniques The IF

signal conditioning unit 604 passes the analog spectrum to the
splitter/combiner 606, where the various bands including the
lirst and vmmmd MIMO paths are split out of the sign~i in thc
dow nlink and combmed together in the uplink. In the down-
stream, a first band including the first MIMO path is split out
and passed to the IF conditioner 608-1 and a second band
including the second MIMO petit is split out and passed to the
IF c&mditiouer 608-2. In tlm upstream, tlm first band including
the first MIMO path is received from the II'onditioner 608-

I, the second band including the second MIMO path is
reccivcd from tire IF coixlitioimr 608-2. and the two upstream
bands are combuied by the splitter/combiner 606.

[0075] In the downstream for the lirst baiui having the lirst
MIMO path. IF conditioiwr 608-1 passes the IF signal having
th&. first MIMO path to the frcqu&.ncy coin erter 610-1. The
frequency converter 610-1 receives a downstream mixin
frequency f&ir the first band lmving tlm first MIMO path from
local oscillator genemtor 622. The frequency converter 610-1
uses the downstream mixing frequency for the first band
having the tirrt MIMO path to convert the downstream IF
si nal for the hrst band ha~ing the first IvIIMO path to a

downsueam RF sivgnal. The downstream Ri'ignal for the
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first band having the first MIMO path is passed onto the RF
conditioner 612-1, wluch performs RF gain adjustmmit Bnd

tiltenng on the downstream RF s&ymI for the first band having
the first MIMO path. 'I he RF conditioner 612-1 paases the
do&vnstream RF signal for the limt band Imving the tirst
Ml MO path to the RF du pl exer 614-1, where the downstremn
RI'ignal for thc tirst band having the first MIMO path is
combined onto the same mixlium with an upstream RF signal
for the tirst band having the tirst MIMO path. The first band
luiving the first MIMO path is transmitted and nxeivcd across
an air medium usin a first antenna 624-1 while the second
band having the second IVIIMO path is transmitted and
received across mi air niedium usulg a second antenna 624-2.
In other embodiments, open&el amounts ofantennas are used.
In some embodiments, thc downstream signals are transmit-
ted from one antenna and the upstream signals are received
front another antenna. In embodunents with these types of
altenultiVe antenna centiguratiuns, the requ&renients and
design of the RF duplexers 614 will vary to meet the require-
ments of the antenna configuration.

[t)076] In the downstream for the second band having the
second MIMO path, IF conditioner 608-2 pm&&ms the IF signal
for the second bnnd having the second MIMO path to the
frequency converter 61t)-2. The frequency convciter 610-2
rcccives a downsucam mi xing frequency I'or the sivond band
having the second Ml MO path fmm local oscillator genemtor
622. The frcxtucncy converter 610-2 uses the downstrmm
mixing frequency for the second band ha~ing the second
MIMO path to con~art the downstream IV signal for the
second band having thc second MIMO path to a downstream
Rl'ignal. The downstream Rl'ignal filr the second bond
having the second MIMO path is passiM onto the Rl'ond&-
tioner 612-2. wluch perl'orms more RI'djusunent and tilter-

lng on the downstream Rll signal for the second band having
the siwmid MIMO path. Thc RF conditioner 612-2 pxsscs thc
downstrmun RI'ignal for the second band having the second
M I MO path to the RF du pl exer 614-2, where the downstream
RF signal for the second band having the second MIMO path
ls combined onto the smne medium with an upslreamRI'ignallilr the second hand having the second MIMO path As
described above. the lirst bmid having the iirst MIMO path is
transmitted and received across an Blr medium using a first
antenna 624-1 while thc second band having tlm second
Ml MO path is trmlsnu&ted and received across an mr medium
using B second dntcnna 624-2

[0077] In the upstream. the first antenna 624-1 receives tile
RV signal for thc first band having the tirst MIMO path. The
upstremn RI'ignal for the tirst band having the first MIMO
path ts tlien passed from the first antenna 624-1 to the RV

duplexer 614-1, where the upstream RF signal and the dou n-

stream RI'iymtl tor the first band having the Iirst MIMO path
are separated onto different signal lines. Tile upstream RV

signal filr the first band havuig the first MIMO path is then
passed to the RI'onditioner 612-1. &vluch performs gain

adjustmcntandtilteringontlmupstroaniRF signal forthetirst
band bavin the first MIMO path. I'inally, the upstre mlRl'ignalfor the first band having the first MIMO path is passed
to frequency convnter 610-1, which frequen&7& corn crts thc
upstre uu RI'lgmd I'r file tirst band having the tirst MIMO
path into an upstreaui IF signal filr thc first band having the
tirst MIMO path using an upstream mixing frequency gener-
ated by the local oscillator generator 622.

[0078] In the upstream. the second ante&urn 624-2 receives
the RF signal for the second band having the second MIMO

signal. The upstream RF si vmia1 tilr the second band havuig the
secoml MIMO signal is lien Ivdss&xt from tlm second mitenna
624-2 to the RI'uplexer 614-2, where ihe upstre un RF
signal and the downstream RF signal for thc second Imnd

having the second MIMO sig&ml are separatist onto dilferent
signal lines. The upstremn RV signal for the second band
having tlm second MIMO signal is then passed to the RF
conditioner 612-2, uhich pcrlilrms din adjustment mul fil-

tering on the upstream RF signal for the second band having
the second MIMO simtat. Finally, the upstreani RF signal lilr
the second band having the second MIMO signal is passed to
frequency converter 610-2, which frequency converts the
upstream RI'ignal lor the second band having the second
MIMO sivptal into an upstream Il'ignal for the second band
having the second IVIIMO signal using an upstream mixing
frequency generated by the local oscillator genemior 622.

[0079] In embodiments where the functions of the master
dl&Blog I'inn)ic du&iona unit 402 alul thc slN'c iiliaklg li',nlotc
antenna unit 404-1 are tntcevrated into the same pliysical pack-
age, as depicted in FIfI 4, some of the redundant functions in
the master unalo remote antenna ulut 402 and the slave
analog remote antenna unit 404-1 may be removed. For
ex unpin the tuo umi~ ruay slime the same controller and
pou er supply. The slave remote reference clock 620 may not
be required as the signal from the master remote reference
clock unit 508 could be routed directly to the local oscillator
generator 622.

[0080] Fifi 7 is a block diagram uf one embodiment of
optional digital expansion unit 110 of system 700. Optional
digital expansion suit 110 includes at least one digital input-
output unit [DIOU) 702. at least one digital nndtiplexul umt
(DMU) 704, Bt least one digital input-output unit (DIOU)
706, at twist onc cmitral processing unit (CPU) 708. Bt IcBsi

one digital expansion clock unit 710. and at least one power
supply 712. It &s understood tliat the DMU 704 performs both
multiplcxing mid dcmultiplcxing I'mictionality be&wein the
val'101&5 i&ps&re'un Bnd dou nstream connections.

[0081] The optional digital expansion unit 110 conununi-
ca&CSN-bttwordsofdigtt&zcdspecm&mbetweena&ut&sterltost
unit 104 and at least one hybnd expansion unit 106. Lech
DIOIJ 702 (DIOIJ 702-1 thr(lugh DIOIJ 702-N) of Jim digitnl
expansion uiut 110 opemtes to convert betueen optical sig-
nals received across a digital expansiim communication link
126 and electrical si nels processed witlun the digital expilu-
slon umt 110. In the dov;nstream, the converted signals are
passod from each DIOIJ 71)2 to the DMU 704. where tlmy are
multiplexed together and output to at least one DIOU 706
which converts the eliectrical signals to optical signals and
outputs the optical sigimls to at least one hybrid expansion
uiut or another digital expansion unit for further distribution.
In the upstream, each DIOU 706 converts optical signals
rcceivcd I'rom a downstream hvbrid cxpmision unit or digital
expansion mlit uito electrical signals. wluch are passed onto
the DMU 7()4 'I he IJMU 7t)4 takes tlm upstream signals and
multiplexes them together and outputs them to at least one
DIOU 702, &vhich converts the electrical signals into optical
signals mid sends the optical sl naia across a digital exp m-

slon communication link 114 toward the master host unit. In
other embodiments, nudtiple digital expansion units Bre daisy
cluiiued ior expansion ln the digital dommn.

[0082] In the example embodunent shown in I'IC&. 7, the
CPU 708 is used to control each DMU 704. An input/output
(I/O) line 714 coupled to CPU 708 & s used for network molu-
alring Bnd maint&'lmilcc. Typically. I/O line 714 is an Fthernet
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pod used for external conunurucation v;ith the system. The
DMU 704 extmcts the digital master reference clock signal
I'rom any onc digital data stream rcccivcd at any onc ol'lm
DIOLJ 702 and DIOU 7U6 and sends the digital master refer-
ence clock sigttal to the digital expansion clock unit 71U. The
digital expansion clock runt 710 then pmvides tbe digital
master refi.rcncc clock signal to other functions in thc DMLJ

that require a clock signal Power supply 712 is used to power
various components witlun digital expansion unit 110.

[0083] Some embodiments of system 100 including
optional digital expansion unit 110. as in FRJ. I, further
include additional service provider interfaces, such as
optional service provider interface 102-3 and 102-4, and
additional master host unita such as optional mtmster host unit
104-2. In one example embodiment, additional master host
unit 104-2 is connected to service provider interface 102-3
through analog communicauim lurk 112-3 and connected to
service provider interface 102-4 tluou h umlog commiuuca-
tion link 112-4.

[UU84] Optional digital expansion unit 110 is then con-
ncctcd to master host unit 104-1 through digital conmiunica-
tion lurk 114-3 and also connected to the nuister host umt
104-2 tltrough digital conununication link 114-4. In addition.
optiimal digital expmision imit 110 includes DID(I 702-1 and
DID U 70Z-Z as shown in fiICJ. 7. DIOU 702-1 is coupled with
digital communication link 114-2 mid I)LOU 702-2 is coupled
with di ital conmnuucation link 114-4 and connected to the
additional master host unit 104-2. DIOU 702-1 and DIOU
702-2 are coupled to IIMU 704. which nniltiplcxcs and
demultiplexes upstream and downstream stgttals together
allowing various bands to be distributed from master host iuiit
104-1 mtd master host unit 104-2 through the analog reunite
antenna clusters 108 and the digital remote antenna tuiits 122.
Other example systems include greater or fever smrvice pro-
vider interlaces 102. master host units 104, hybnd expansion
units 106, analog reunite antenna clusters 108, digital remote
miteniui units 122, mid digital expansion units 110

[0085] FI(i 8 is a block diagrmn of anotlmr enibodinwnt of
a sysiem 800 for providing isirelcss coverage into a substmi-
tially enclosed environment. 'Ilia system 800 includes many
of the sante components as system 100, including the lliastcl
host unit 104-1, the hybrid expansion uait 106-1, and tbe
analog remote antenna cluster IU8-1. As witli system 100,
cxmnple system 800 is also connected to both service pro-
vider interface 102-1 and service provider interface 102-2.
k:xample system 800 differs from example system 100
because it includes digital remote antenna unit 122-1 (de-
scribed in detail below).

[0086] ITO. 9 is a block duigrmn of one embodiment of a
digital remote antenna unit 122, such as digital rcmotc
antenna umt 122-1 of system 800. Digital remote antennn unit
122 includes at least one digital input-output unit (f&IOLJ)

902. at icast mic digital multiplexing unit (DMIJ) 904. a first
Rl'odule 906-1 and a second RF module 906-2, at least one
central processing iuiit ((.'PU) 908, at least one digital remote
clock unit (DRC:U) 910, aud at lemt one power supply 912 In
some embodiments, at least one digital input-output iuut
(l)R)LJ) 914 is used to I'acilitate a digital output liim 916 The
digital output line 916 allows daisy-chainuig multiple digital
remote antenna units IZZ together. The digital output line 916
of onc digital remote anmnna unit 122 cmi be coupfexf to tbe
input of a DIOU 902 of another digital remote antenna iuut
122. The digital output line 916 will be described in further

detail below iiitb regards to embodiments Imving daisy-
chaincd digital remote antenna unius 122

[0087] Fach digital remote antenna unit 122 comm unicatcs
a third MIMO path and a I'ourth MIMO path with a master
host unit 104 in the form of a time-muftiplexexf digital data
stream containing N-bit words of digitized spectruni for the
tlurd MIMO path and the fourth MIMO path. The time-
nuiltiplexed digital data stream is received at the at least one
DIOLJ 902 tlmiugh at least one digital communication link
114. In the embodiment shots n in I'IO, 9, only one DIOU
902-1 is necessary if the digital remote mitenna unit 122 is

only coupled with a suigle upstremn master host unit 104 (or
sm~Je upstream digital expmision umt 110 as described
above). DIOIJ 902-1 receives tbe Arne-muftipfexexf difiinl
data stream from a master host unit 104 via a digital commu-
nication iud 114 in mi optical format. DIOU 9U2-I converts
the time-multiplexed digital data strewn from die optical fiir-

mat to an electncal format and passes the time-multiplexed
digital data streani onto the J)MU 904 BIOL J 902-2 through
DIOU 902-N are optional. I'or example. ui other embodi-
ments, digital remote mitemm unit 122 Iias multiple L)IOUs

90Z (DIOLJ 902-1 through DIOII 902-N) and is connectexf to

multiple upstream master host units 104 or digital expansion
units 110 through digital comnnmication links 114 In other
emboduuentm digital remote antenna unit 122 is connected to

digital expansion uruts 110 tftrough DIOU 902. In some
embodiments including multiple upstream connectiona the
di ital remote antenna uiut 122 selects one DIOU 902 to
extract the clock signal from.

[0088] As noted above, the at least one DIOU 902 commu-
nicates the time-nuiltiplexcd digital cata stream containmg
N-bit words o I'digs twed spectruni representuig the third and
fourth MIMO paths to the DMU 904. In some embodiments,
thc first and ihird MIMO paths contnui idmitical N-bit words
ofdigitized spectmm ui the downstream and the N-bit words
of divitizid spectnun in tlm first and third IvIIMO paths arc
combuied at a niaster ho st unit 104 in the upstream Similarly,
in some embodiments, the second and founh MIMO paths
contain identical N-bit words of digitizexf spimtnmi in the
doivnstreani and thc N-bit words of di iti red spec uiun in the
second mid foiuth MIMO paths are combined at a master host
unit 104 in tlm upstrermi The DMLJ 904 demultiplcxes N-bit
words of digitized spectrum received fmm the at feast one
f&IOLJ 902. lite DMU 9U4 sends N-bit words of digitized
spec(nun rcprcscnting the third MIMO path across comnui-
nication link 918-1 to RI'odule 906-1. Tire DMU 904
further sends N-bit words of digitizixf spectrum representing
the founb MIMO path across commiuucation hnk 918-2 to
Rl-'odule 906-2. An exemplary Rli module is described in
liirtber detml ivith refi'.rance ki FlCi 10 beliow Fach RF niod-
ule 906 is also couplixf to the digital remote clock unit 910 by
a conumuucation hnk 922, such as conummication link 922-1
couplutg RF module 906-1 with the digital remote ckick umt
910 and conununication hnk 922-2 couphng Rl'odule
906-2 with the digital rmnote clock unit 910.

[t)089] The DMU 904 extracts the digital master reference
clock signal I'rom tfii: data stream itself'ecause thi: data
stream was syncluunized with the digital master reference
clock signal nta master host unit lt)4, it cmi berecoivred from
the data stream itself. The extracted digital master reference
clock sibrttal is sent to the digital remote clock unit 910. The
digital remote clock unit 910 receives the digital master ref-
erence clock stytaf extracted from the data stream received
from a master fioat unit I U4. The digital remote clock unit 910
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communicates the digital nmster reference clock siyial to
vanous components of the digital remote antenna unit 122,
inc ludin thc DMII 904 md ca~eh RF m&xlule 906. Fach DMIJ
904 uses the digital master reference clock signal to synchro-
nize itself with the system 100. bach RV module receives the
digital au&ster reference clock signal from the d&ytal remote
clock unit 910 across a communication link 922 [I e, coni-
municnti&1&1 link 922-1, communication link 922-2. and corn-

munication lurk 922-N). Wlule each conununication link 918
and communications link 922 are shot& n as separate lines in
FIC&', in some embodmienLs a single multi-ionducuir cable
is connected between the DMU 904 and each RF module 906.
This multi-conductor cable includes both the conuniugcation
link 918 and conuuunications link 922 mid carnes the clock
signals, data signals, controlhnanagcment signals, etc

[0090] In some embodimems, each DIOIJ 902 &s selectable
and configurable, so ihat one DIOIJ 902 cim be svlected to

receive the digital nmster reference clock siyial and other
DIOUs 902 can be used to send the digital master reference
clock signal upstream to other system components. such as
sccondan niaster lx&st units. digital expansion units, hybrid
exp uis&on uniL&. or other digital remote antenna units. Fmch
DI Oi I 902 is not reqnir&xI to be synchronized to the other parts
ol'the digital remote mitenna urn& 122 unless &t pcrlom&s some

type of function that reqmres it to be syncluonized. In one
mnbodiment, tlm l)IOU 902 performs the extraction of the
d& ital master reference clock in wluch case &t ~ould be
synchronized to the remainder of the hybrid expansion unit.

[0091] In the downstream, each RF module 906 receives
N-bit words of dig&&i/ed spivtnnu and outputs mi RF signal
the& is trna&au«ed mross an ur medium using a& less& one
respective antenna 920. In the upstream. each RF module 906
receives RF signals received across an air medi imi using &hi at
least one respective antenna 920 and outputs N-bit is ords of
digitizcxI spectrum to the l&MIJ 904 In tlm digital remote
mr&anna unit 122 slxn&n in FIG 9. RF mo&hilc 906-1 comvrts
betwven N-bit words ofdigitized spactnun and RF signals for
the first MIMO path Similarly. RF module 906-2 convc&ts

be&i& een Nba v ords o I 8 to it i sexi spintruni and RF s&gnnl s for
the second MIMO path ln other embodiments, at least one
RF module 906 converts bctwecn N-bit words of digiti/ed
spectrum and RF signals for nnilt&ple bands. A different
antenna element is used for each signal path in some example
cnibodiments fiaving multiple bnnda such as mnboJimcnts
having diversity channels omni lti pie signal branches used for
smart antennas where signals overlap spectrally In the digital
remote antenna uiut 122 shoivn in FIG 9, each RI'odule
906 is connected to a separate respective antenna 920.

(0092] As noted above, some embodiments of d&ytal
remote ant en nn unit 122 include at least one DIG(I 914 and at
least one digital output line 916 that allo~ daisy-chaming
multiple digital remote antenna units 122 together. In
example cmbodinwnts. DIOU 914 is coupled to digital nuil-

tiplexing um& 904 In the doivnstream. DIOU 914 converts the
data sueam coming from the DMU 904 from mi electrical
I'orms& to an opiical format and outpuLs tlm data stream across
digital output line 916. In the upstremn, DIOU 914 converts
the data stream coming across digital output line 916 from an
opucal format to an electncal format and passes the data
strasu& onto the DMU 904. Tlnis, as described below. a plu-
rality of digital rmnote antenna units 122 can be daisy-
chauied together using the digital output line 916 on at least
one digital remote antenna unit IZZ.

[0093] CPU 908 &s used to control each DMU 904 and each
RF module 906 While thc links bc&ween i be CPI J 908 and thc
DMU 904 and each RI'odule 906 are sho~n as separate
links from tlm communicntion links 918 and the communica-
tions hnks 920, it can be part oi'a muhi-em&due&or cable as
described above. An input/output [I/O) line 924 coupled to
CPU 908 is used for network nionitoring and maintenance.
Typically, I/O lute 924 is an Fthcrnet per& usvd for extcrnnl
comnnuiic ation with the system. Power supply 912 is used to

power various compo&tel&La within digital re&&lilt&'. &&I&tell&a& ill&&1

122.

[0094] Fifi 10 is a bkick diagram ofone embodiment of a

RF imidule 906 for digital remote antenna unit 122 The RF
module 906 includes a digital-annlog conversion unit
[DAO U) 1002, an IF condi&iimer 1()04, a frequency conivrter
1006. a RI conditioner 1008, a RI& duplexer 1010. a Rl'oduleclock &uiit, a local oscillator generator 1014. and a

controller 1016. While thc RF me&bile 906 is described as a

separate component, in some exaniple embodiments. some or
all of the components included in RV module 906 are inte-
gmted directly in digital remote antenna tuut 122. In other
embodunents, other components are used to perform the
snme or similar functio&ts to the components of RF &nodule

906 described below.

[0095] The DACU 1()02 is connected to a communication
link 918. &ihere it conununicates N-bit words of diyuzed
spectnim with the DMU 904. The DACU 100Z is also con-
nivted to tlm RF module clock unit 1012, where it receives a

digital master reference clock signal from the digital remote
clock unit 910 of the digital remote antmma unit 122 across a

comnnuumtu on I uik 922. In o ther embodun ants. DACU 1002
can also conumuucate to or from other components of the
digital renuite antenna unit 122 Thc DAC:U 1002 converts
between ihe N-bit words ofdigitized spectnun and m analog
uitennediate frequency (IF) spectnim using the digital master
reference clock signal ln the downstrwun. thc malog inter-
mediate frequency [IF) &s passed tluuugh the II'onditioner
1004 that filters, amplifies, and attenuates thc IF spcctn&m

prior &o frequency up-corn ersion. In the ups&ram&, thc niudog
intermediate frequency (IF) is passed through the IF condi-
tioner 1004 that filters, amplifies, and attenuates tlm IF spiv.-

truni prior to unalog to digital conivrsionby the DACIJ 1002.

[0096] The RF module clock unit 1012 receives thc digital
master rel'erence clock signal across the comnnmica&ion link
922 and distributes the signal to the DACU 1002. The RI'xidulcclock unit 1012 also generates an analog domain
refercncc chick siyial bascxi on the digital master reference
clock signal. This analog domain reference clock signal is
used to synchronizo analog coniponents in tlm RF nxidule
906. In the embodiment ofRF module 906 shown in FI(J. 10,
the Rl'odule clock unit 1012 genemtes the analog domain
rciermicc clock signal by nmning &1m digital master relermmc
clock siyial throuvP a phase locked loop circuit. The gener-
ated analog domain refi rance clock signal is then passed onto
the local oscillator generator 1014. In some embo&h ments, the

digital master reference clock si 8&na I is approximately 184. 32
Mllz u&d the annlog domain refi:rance clock signal &s gener-
ated as a 30.72 Ivil Iz clock based on the 184.32 Mllz digital
master reference clock siyial. Thus, the 30.72 MHz clock is
sent to &he local oscillator generator 1014.

[0097] The frequency converter 1006 converts benveen IF
spcc&nmi and RF spectrum. Tfm frequency converter 1()06 is

coimected to the local oscillutor generator 1014. The local
oscillator generator 1014 receives the analog domain refer-
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ence clock from the RF nxidule clock unit 1012. In exmnple
mnbodiments. thc imalog domain reference clock signal is
first refined using a band pass filter or other appropnate filter.
In other embodiments, the mialog domain reference clock
signal drives a phase locked loop to generate a rciineil rel'el'-

ence clock signal. In the example shown in FIO. IU, the local
oscillator generator 1024 gmicrates two local oscillator fre-

quenm as for mich of the curn cr signals ot'he bmid serviced by
the RF module 9U6. A first local oscillator frequency is used
for downlink data and a second local oscillator frequency is
used for the uplink data. IVhile the Rli module 906 is
described as only servicing a single band. other embodiments
include greater numbers of bands ivhere greater numbers of
oscillauir siytals are created by tile local oscillator generator
1014. For example, some embodiments may require divemity,
so tlrat two upluiks are needed for each downlink and tluee
local oscillators would need to be generated for each band.

[0098] The frequency converter 1006 uses the downstream
mixing I'requency to convert the downstrcani IF signal to a

downstream RF signal. The downstreum RI signal is passed
onto thc RF conditioner 1008, which perfiinns RF gain
adjustment and filtenn on the downsircam RF signai. The
RF conditioner 1008 passes the downstream RF signal to the
RF duplexer 1010, ulii:rc tlm dov nstream RF signal is coim-

blned onto the s une medium is 1th the upstream RI'ignal. In
cxmnple RF module 9U6, tlm RF signals arc tmnsmitted and
received across an air medium using a single mitenna 920.

[0099] In the upstream. antemia 920 receives the RF signal
and passes it onto the RF duplexer 101U, where the upstream
RI'nd dieunstreanl RF signals arc separated onto different
signal luies. The upstremn RI'ignal is then passed to the Rli

conditioner 1U08, wlfich performs gain adjusunent and filter-

uig on the upstrmim RF signal I'inally, the upstream Rl'ivnal

is passed to frequency converter 1006, v;luch fre-

quency consults tlm upstream RF sigiud into an upstream IF
signal usuig the upstream mixing frequency genemied by the
local oscillator generator 1014.

[0100] I'iach RF module 906 of example digital remote
antcniui umt 122 uses a separate antennu 920 In other
embodiments, RF diplexers are implemented downstream of
multiple RF modules 906, thereby allowing multiple RF
bands to use a single mitenna. In other embodiments, multiple
antennas are used for eacll RF module 906. For exnmple. in
other cmbodimcntg tlm downstrcnni signals are transmitted
from one antemm and the upstream signals are received from
mlother antenna. In embodiments with these type of alterna-
tive entwine conftytrations. thc ri:quirenmnts and designoi'he

RF duplexers and any necessary RF diplexers will vary to
meet the requirmnents of the antenna configumtion.

[0101] IVlfile the frequency conversion descnbed above is
al two step process betu een digital and an IF analog siytal and
then betv ccn tlm IF mialog signai and an RF analug signal. in
other embodiments, a direct collvcnfioll occllm beuveen the
digital siytais received on comnnulication link 918 and the
RI'ignals output acmss antenna 920. In such embodiments.
the hulctionallty of the DAO U 1002, the IF conditioner 1004,
and I'requency converter 1006 may be combined or replaced
with other appropriate components.

[t)102] Tlm contmller lt)16 uses control and managmncnt
signals received over a conununication link 1018 to comnil
and manage ~arious components of the Rl'odule 9U6. In
pmticular, the control and malmgement signals arc used by
the controller 1016 to control and manuge the gain in the IF
conditioner 1004. Adjustments may be made based on tem-

perature changes and other dynamic factors. IViule conuuu-
nication lmk 1018 is shown its a scparutc communication link,
ul some embodiments the conununication link 1018 is com-
bined with the communication link 918 using a nmlti-con-
ductor cable as described above with reference ui FIO 9 In
such embodiments, the multi-conductor cable couples the
digital nniltiplcxing unit 904 with each RF module 906 and
thc control and mmiagemcnt messages nrc communicated
over a pair of conductors in this cable. In other example
embodiments. tlm multi-conductor cable is a generic comnni-
nication hnk that combuies the conununication link 918. the
communication link IU18. and the conunlulication link 922
into a suigle cable that interfaces each Rl'odule 906 uith
the divgital nuiltiplexing unit 904. The control sf@tais are also
used for the configuration of the subsequent frequency con-
veiter 1006 and RI'onditioner 1008. In exmnple RF module
9U6. all of the components ofRF module 9U6 are powered by
the poller supply 912 o I'he digital renlote antenna unit 122.

In other embodiments, a separate power supply is included in
each RF nxidule 906 and is used to poller the various com-
ponents ill RF module 906. In other embodiments, sigstai linc
poli er extmction is used to supply pou:er to the RF module
906

[0103] As discuascd aboic with rcfi:rencr.'o thi: digital
remote antenna unit 122 shoisn ul FIO. 9. a first Rpmodule
9U6-I is used for thc first MIMO path and a second RF
module 906-2 is used for Ihc second MIMO patli In other
embodunents, there are additional MIMO paths and/or addi-
tional bands mid thusly additional Rl'odules
[t)104] FIO 11 is a block diagmm of another embodiment
of a system 1100 for pmviding wireless coverage into a sub-

stantially enclosed enviromnent. System 11UU shows a ux1rc

complicated topology where the systems and methods
described herein are applied. The system 1100 includes some
(II the some components as systcin 800. including a master
host unit 104-1, a hybnd expansion unit 106-1, an analo*
remote antenna cluster 108-1, and a digital remote anteiuia
unit 122-1. Thc system 1100 also communlcatcs a lirst
MIMO path u 1th a first service provider inierface 102-1 and
a sew ond M IM0 path with a second service pmvidcr interface
102-2. The diff'erences between systein 800 and system1100
are that system IIUU includes additional analog remote
anmnna clusters lt)8-2. 108-3. and 108-4, hybrid expansion
umt 106-2. di ital expansion umt 110, digital remote mitenna
units 122-2. 122-3, and 1ZZ-4, service provider interfaces
102-3 and 102-4. and master host unit 104-2.

[0105] Auillog rclllolc all)caus cluster 108-1 is conncctcd
ui hybrid expansion unit 106-1 tluuugh analog communica-
tion link 118-1 and analog remote antenlm cluster 108-2 is
connected to hybnd expansion unit 106-1 tluoug analo
communication link 118-2. Hybrid expansion lufit 1U6-2 is
connected to master host unit 104-1 through digital conunu-
mcation link 114-2. Analo remote antenna cluster 108-3 is
connected to hybnd expansion unit 106-2 tluuuvJI analog
communication I uik 118-3 and analog remote antenna cluster
108-4 ls connected to hybrid expansion unit 106-2 tluouJvt

analog comnnulication link 118-4.

[0106] As in system 800. digital remote antenna umt 122-1
is connected to master host unit 104-1 through digital com-
nlunlcation link 114-5 Digital renliltc iultcnnii lant 122-2 is
daisy-chain connected to digital remote anteiula unit 122-1
through digital rcnlotc antenna imit connection link 124-1

[0107] Digital expansion unit 110 is connected to master
host lulit 104-1 thmugh digital communication link 114-3.
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Digital expansion iuiit Iltl is also connected to master host
unit 104-2 through digital comnumication link 114-4 Muster
host unit 104-2 &s connected to service provider interface
102-3 through analog communication interface 112-3 mid is
connected to service provxler interlace 102-4 througfi mialog
communication interface 112-4. Digital remote antenna &uut

122-3 is comiccted to digital expansion iuiit 110 through
digital expansion communication link 126-1. Digital renuitc
antenna unit 122-4 is daisy-chain connected to digital remote
at&tell&in& Uflit I 22-3 by digital rcmotc antenna unit connection
link 124-2.

[0108] In the embodiments of the systems described above,
the various components, including master host unit(s) 1U4,

hybrid expansion uiut(s) 106, analo remote miienim cluster
(s) 108, digital remote unit(s) 1ZZ, and digital expansion
unit(s) 110, are show n as se7arate componenrs In some other
ex uuple embodiments. some of these components can be
combined into the same physical housing or stnicture and/or
I'unctionality can be ported from onc componem to another
[0109] FIG. 12 all&1&vs all exeillplary elllbodiment of a
method flow diagram for a method of communicating mul-

tiple-input nuiltiplc-output (MIMO) signals through a hybrid
d& ~ tributed antenna system. labeled method 1200. The
method 1200 begins at block 1202. where first wireless spec-
trum is comvrtcd betv coen lirst bands ol'analog spectnim and
a first set ofN-bit words ofdigitized spectrum at a first master
host unit, such as master host unit 11)4 described above. At
block 1204, second ~&re)ass spectrum is converted between
second bands of analog spectrum and a second set of N-bit
words of digitized spectnun at the first master host unit At
block 1206, the first and second sets of N-bit w ords of digi-
tized spectrum are transported on a digital medium between
the first master host unit uid a lirst hybrid expansion unit.
such as hybrid expansion iuut 106-1.

[0110] At block 1208, the first v;ireless spectnun is coo-
&m rtcdt be nv can a first set ofN-bit words o I'digitized spec&tutu
and a tlnrd set ofbmids of analog spectrum at the first hybnd
expansion unit. At block 121(l, thc second wireless spcctnim
is converted bctwexn a second set of N-bit v ords of d& itized
spectrum and a fourth set of bands ofanalog spectrum at the
tirst hybrid expansion unit At block 1212, the third and fiiurth
sets of b uids ofmialog spectrum are tnuispor&ed on an mining
medium between the first hybrid expansion unit mid a first
a&mlog rcnuite mitomia unit/cluster, such as analog rcnio&c

antenna unit 404-1 or anafovg remote antenna cluster 108-1
described in detail above with reference to pl/r 4.

[0111] At optional block 1214, the first wireless spectnmi is
converted betw.een the tlurd set of bands of analog spectrum
and a fifth set of bands of analog spectrum at the first analog
rcnmte nntenna urn&!cluster. At optional block 1216, the sec-
ond wireless spectrum is converted between the fourth set of
bands of analog spectrum and sixth set of bands of analog
spectrum at &hc lira& uialog remote antcmia un&&/cluster.

[0112] At block 1218, the lirst wireless spewtruin is com-
municated over a first mr interface at the first analog remote
antenna unit/cluster At block 1220, i he second wireless sp&x-

trum is communicated over a second mr interface at the lirst
analog rmnote antmuia unit/cluster.

[t)113] PI(i. 13 shows an exemplary embodiment of a

method tiow: d&agmim for a method of conununicating mul-
tiple-input nuiltiple-output (MIMO) signals tluough a hybrid
distributed antenna system having a digital remote unit.
labeled method 1300. The method 1300 beguis at block 1302.
where first wireless spectnun is converted between first bands

of mialovg spectmm and a third set ofN-bit words ofdigitized
spectnim at a lira& master host unit, such m master host imit
104 descnbed above. At block 1304, second &vireless spec-
trum is converted betwemi second bmids of annlog spectrum
and a fourth set ol'N-bit words ol'digiti/ed spectrum at the
first master host unit. At block 13U6, the first mid second sets
of N-bit words of digitized spectrum arc transported on a

digital medium between &lie lira& minster host unit mid a lira&

digital remote antenna iufit, such as digital remote antenna
unit 122-1.

[0114] At block 1308. the first wireless spectrum is con-
verted bett& ace a third set of N-bit ivords of digitized spec-
trum and a fitih set of bands of analog spectnuu at the lirst
digital remote antenna unit. At block 1310, the second is ire-
less spectrum is converted benv ecn a fourth set ofN-bit words
of di itized spectnun and a sixth set of bands of analog
spectnim at the first digital remote antenna unit. At block
1312. &bird wireless spectrum is comniuuicated over a third
air interface at the first digital remote antenna unit. At block
1314. fourth v,ireless spectrum is conunun&cated over a

fourth air uiterl'ace at the lirst digital remote antenna unit.
[0115] In some embodunents, method 1200 and method
1300 arc combined into onc nwthod of'omnumicating
MIMO signals throng& a hybral distnbuted antenna system,
having both digital and analog remote units. In some of these
emboduncnou tfie lirst set of N-bit words is the same as the
ilnrd set ofN-b&t words ui the downstream and the second set
of N-bit words is the same as the fourth set of N-bit words in

the downstrmmi In addition. in some ol these embodiments,
the first set ofN-bit words and the third set of N-b&t v ords are
combined in the upstream before being sent to the tin,t service
provider uiterface. Likewise, &n some of these embodiments,
the second set ofN-bit words and the fourth set ofN-bit words
are combined in tlm upstrmam bef&irc being svnt to thc second
service provider uiterface.
[U116] PIC). 14 shows an exemplary embodiment of a

method tiow d&agnuu for a method of converting and trmis-

porting multiple-&nput multiple-output (MIMO) signals at a

hybrid expansion unit in a distr)ha&ex( antenna system, labeled
method 1400. The method 1400 begins at block 1402, where
first and second sets ofN-bit v;ords ofdigitized spectrum are
transported witfi an upstremti device At block 1404. lira& and
second sets of bmids of analog spectrum are simultaneously
transported with a downstream device At block 1406, t1m first

set of N-bit words o I'd&giu red spectrum arc &un&vened &o and
from the first set ofbands ofanalog spectrum. At block 141)8,

the second sct of N-bit words of digitized spectrum are con-
verted &o and from the second set ofbands el analog spectrum.

What is claimed is

1. A communication system, comprising:
a first master host unit adapted to conununicate first v ire-

less spcctnun with a first service provider interfaceusing
a first set of bands of analog spectn&m. the lirst master
host unit further adapted to conununicate second is ire-
less apex&rum &v&th a sec&md sei«ce provider interlace
usuig u second set of bands of iumlog spectnun:

a plurality ol'digital communication links coupled to the
first master host iufit, wherein the first master host unit is
Thither adapted to communicate a first digitized spcm-

tn&m in first N-bit words over the plurality ot digital
conununication links, wherein the first master host umt
is fiuther adapted to conununicate a scmond digitized
spectrum in second N-bit words over the plurality of
digital communication links:
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wherein the first master host unit Is further adapted to
convert between the first set ofbands of analog spectrtun
nnd lbc tirst N bit words of digitized spectrum:

uhereui the first master liost umt Is further adapted to
convert bctwccen the second sct of bmlds ofanalog spec-
trum mid tlm second N-bit lvords of digitized spectrtun;

a tirst hybrid expluision nmt communicatively cmipled to

the first master host unit by a first digital co nunu «ication
link of the plurality of digital conununication links and
adapted to conmlunicate thc first N-bit words of digi-
tized spectrum mul the second N-bit words of di itized
spectrtlm with the hrst master host unit across the hrst
digital communication link. thc first hybrid expansion
unit filrther adapted to convert between the first N-bit
words of digitized spectrum and a tlfird set of bands of
analog spectrum. the first hybnd expansion unit hlrther
adapted to convert between the second N-bit words of
digitizixl spectrtml and a fourth set of bands of analog
speclrtlill:

a first un«log comnnmicatimi hnk coupled UI the tirsl
hybnd expansion unit, whereui the first hybrtd expan-
sinn unit is furtlmr adapted to communicate tlm third sct
of baiids of aiudog spectrum and the fourth set of b uids
of analog spectrum across the first analog communicn-
lion link: mid

a first tmalog remote antenna unit communicatively
c&mpled to the first hybrtd expansion umt by the first
analog conununication link and adapted to commum-
cate tlm third set of bnnds of analog sp&vtrum mid thc
fourth set of bands of analog spectrum with the first
hybrid expansion unit across the first analog commuiu-
cauon link. the first analog remote antenna unit further
adapted to communicate first wireless signals over B first
mr interface using a first muenna. Bnd lhc firrt mlalog
remote mitenna unit lurther adapted to cominunicate
second wireless signals over B second air utter face using
B SCCOIUI BlltCllult.

Z. The system ofclaim 1, wlmrcin thc first wirclcss signals
are associated uilh the lirst set ofbands ol analog spectrum
andthe second« ireless signalsareassociated withthe second
sct of bands of annloa spcctnun

3. The system ofclaim 1. wherein the third set ofbands of
analog spectrum occupy a first frequency range and the fourth
set of bands of analog spectrum occupy a second frequency
I allgC

4 Tl'Ic s&'stclr& of c taint 3, wherein the first frequency range
and the secoiid frcequency range do nol overlap.

5 Tlm system of claim 1. wherein the tirst mlalog remote
antenna unit is part of a first analog remote antenna cluster
that includes:

a master analog remote antenna unit adapted to commuiu-
cate the third scl ol'nnds ot'nalog spectrum md the
fourth set of bands of mialog spectrum v;ith the first
hybrid expansion unit across the first analog conumuu-
calmn luck: uid

wherein lhc master analog remote antenna unit distributes
the tlurd set ol b mds ofanalog spectrtim and the fourth
sct of bands ofanalog apectnmi to the first analog remote
a&licit&la atilt

6. Thc system ofclaim I, wherein the master analog remote
antenna unit is the same as the hrst analog remote antenna
unit.

7. The system of cLiim 1. wherein the first sets ice provider
in&crt'acc and thc second so&vice provider intcrl'acc are mul-
tiple-input multiple-output interlaces.

8. The system of claim I, wherein tlm first wireless spec-
trum and tlm second u irelcss spectrum coinpriac related mul-
tiple-input nuiltiple-output signals.

9 The system of claim I, wherein the first N-bit words of
digitized spectrum and the second N-bit words of digitized
spectnlm are comnnmicated as a time multiplexed &Lsta

stream between tlm first master host unit Bnd tlm first hybrid
CxpanSIOU Blitt.

10. fhe system of claim 1, further comprising:
a first digital remote antenna uiut conumlaicatively

coupled to the first master host unit by a second digital
communication link of tlm plumlity of digital commu-
iucauon links and adapted to conunuiucate tlurd N-bit
words of digitized spectrum and fourth N-bit words of
digitized spectrum with lbe lirst master host unit across
the second digital conununication link, the first digital
remote antenna unit is fiuther adapted to conununicate
third uircless signals over a third air interl'ace using a

third antenna, Bnd the tirst digital remote antenna unit is
further adapted lo communicate fourth wireless signals
ovcl' IUUIth till llltcrtBcc uslllg a loilrlh ann'.Illla,

wherein &tie first master host unit is fur&tier adaptcst lo

convert betv een the first set of bands of analo spectrum
and the tlurd N-bit words of digitized spectrum; and

wherein the first master host suit is further adapted to
convert between the first sct of bands of mls log spectrum
and the fourth N-bit words ofdigitized spectrtun.

11 The system of claim 10. wherein lirst N-bit words of
digitized spectrum equal the third N-bit words of digitized
spcctnnn in the downstream; and

whereui the second N-bit words of digitized spectrum
equal the I'curlh N-bit words ofdigitized spectrum in lhc
dou nstre un.

12 Tlm system of claim 10. wlmrcin thc third wireless
signals Bre associated with the first set of bands of analog
spectnlm mid the fourth wireless signals are associated with
the second set of bands of analog spectrum.

13 The system of claim 10, wherein thc third N-bit words
o I'digitized spectrum and the fourth N-bil words of digitized
spcctrUi'n Brc conlirlUilicated as a time multiplexed data
stream betwccn the tirst master host unit and tlm first digiml
rcnlotc Unit.

14 4 method compnsing
converting first wireless spectrum be«veen a first set of

bands of mialog spectrum and first N-bit words of dig-
tized spectrum at a first master host unit;

converting second wireless spectrtun between a second set
of bands of analog spectnim and second N-bit words of
digitized spectrum at a first master host unit,

transporting the tirst N-bit &cords ofdigitized spcwtrum and
the second N-bit words of digiuzcd spectrum ou a tirst
digital medium between the first master host unit and a

tirst hybrid cxpmis«m unit:
converting first v;ireless spectrtun between the tirst N-bit

&lords of digitrzcst spectrum and a third set of b mdsol'nalog

spectrum Bt the first hybrtd expansion uiut;
convertuig second wireless spectrum between the second

N-bit words of digitized spectrum and a fourth set of
bmlds of analog spectrtun nt tlm tirst hybrid expansion
unit: transporting the tlurd set of bands of analog spec-
trtun mid the fourth set of bands ofanalog spectrum on a
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first analog mednun between the hrst hybrid expansion
unit and a Iirst analog remote autmiim unit.

conuuumcating Iirst wireless spectrum over a Iirst air inter-
face at thc first analog remote antenna unit using a lirst
anteiuim and

conununicating second wireless spectrum over a second
air interface at thc lirst analog remote antenna unit using
a secoilil elite'lllui.

13. The method of claim 14, wherein the tirst wireless
signals arc associatcxI ivith thc first set of bands ol'nalog
spectrum and the second wireless signals are associated with
the second set of bands of analog spectrum

16. The method of claim 14. ivhereui the tlurd set ofbands
of analog spectrum occupy a first frequency range and the
fourth set of bands of analog spectrum occupy a second
frequency mnge.

17. The method of claim 16. it herein tire first frequency
rmigc mid tbe sccmid I'requeucy range do not overlap.

18. The method of claun 17. ivherem the Iirst frequency
rmige and the second frequency range are intermediate fre-
quencies.

19. The method of claim 14. wherein the first wireless
spectrum is communicated as a fi!'th band ofanalog spoctrtun
and ivherein the second wireless spectrum is conununicatrnl
as a sixth band of aimlog spcectrtuu.

20 The nwthod of claun 19, ivherem thc Iifth band ol'nalog
spectruni is equivaleni to the first band of analog

spectrtun and wfmrcin thc sixth band of analog spectrum is
equivalent to thc second bimd of analog spectrum

21 Thc method of climn 14. v lmrein tlm Iirst v irclcss
spectrum and the second wireless spectrtun compnse mul-
tiple-input multiple-output signals.

22. The method of cl aun 14, whereui the first N-bit words
ofdigitized spectrum and the second N-bit tv ords ofdigitized
spectruni are cnimnnuucated rws a tune multiplexed data
stream between the first master host utut and the first hybrid
expansion unit

23. The method of claim 14, further compnsing:
conveituig the first wireless spectrum bertveen the Iirst set

of bands of analog spectrum and third N-bit words of
digitizcxt spectruni at the first master bosi unit:

convertinv the second tvireless spectrum between the sec-
ond set of bands ol analo spectrum and fourth N-bit
ivords of digitized spectnim at the first master lxist unit;

transporting the third N-bit words of digrtized spectrtun
and thc fourth N-bit words of digitized spectrum on a

second digital mixlium betwccn thc Iirst master host unit
and a first di ital remote antenna unit:

communicating third wireless spectrtmi over a tlnrd air
interface at the first digital remote antenna unit using a

third artemis, and

conununicating fourth vi ireless spectrum over a fourth air
interface at tlm Iirst digital renmte antenna unit usuig a

fourth antenna.
24. The method of claim 23. wherein converting the first

wireless spectrum benveen the first set of bands of analog
spectrum and the Iirst Nb it words ofdigit izcedI spectrum at the
first master host unit and converting the tirst tv ireless spec-
trum betv ceo the first set ofbands ofanalog spectrum and the

tlurd N-bit it ords ofdigitized spectrum at the first master host
unit are the same operation; and

wherein converting the second wireless spectrtun betv, een
the second set of bands of analog spectnun and the
second N-bit words of digmzed spectrum at the second
master lxist unit and converting tlie second vvireless
spectrum between the second set of bands of analog
spectrum and the fiiurtli N-bit words of digitized spec-
trum at the tirst master host unit are the same opemtion.

25 The method of claim 23. wherein the tlfird wireless
sivnals arc associated with the Iirst set of bands of analog
spectrum mid the fourth wireless signals are associated with
the second set of bands of analog spectrtim.

26 The method of claim 23. ivherein the tlurd N-bit words
ofdigitized spectrum and the fourth N-bit words of digitized
spectnun are comnnuiicatcd as a time nniltiplexed data
stream between the first master host uiut and the first digital
remote antenna unit.

27 A hybrtd expansion unit comprtsing
at least one thgital communication interface adapted to

communicate first mid second sets of N-bit words of
digitized spectrum with an upstrmmi device,

at least one analog conununication interface adapted to
communicate Iirst and second acts of bands of analog
spectrum ivith a downstream device:

wherein the hybrid expansion unit is adapted to convert
between the lirst sct of N-bit words o I'digitized spectrtim
and the first set of bands of analog spectrum;

wherein thc hybrid expansion unit is adapted to convert
between tlm second set of N-bit words ofdigitwcd spcc-
trtun and the second set of bands of analog spectrtun;

wherein thc first set ofbands of analog spectrtun occupy a
first frequency mn e and the second set of bands of
analog spectrum occupy a second frequency range; and

whereui the Iirst I'requency range and the second frequency
range do not overlap.

2$ . The hybrid expansion unit ofclaim 27, wherein the first
set ofbands ofanalog spectrum md the second set ofbands of
analog spectrum comprise nudtiple-input multiple-output
signals

29 A method compnsuig
transporting first and second sets of N-bit st ords of digi-

iizcd spectnmi with u upstream device.
simultaneously transporting first and second sets of bands

of analog spectrum with a downstrmun device,
convertuig betivceen tlie lirst set ol'N-bit ivords ol'digitized

spectrtun and the first set of bands of analog spectnun;
consorting between thc second set ofN-bit words of digi-

tized spectrum and the second set of bands of analog
spectnun;

wherein the lirst sci ofbands of muilog spectrum occupy a
first frequency range mid the second set of bands of
analog spectrum occupy a scccond frequency range; and

whereui the first frequency range and the second frequency
range do not overlap.

30 The method of claim 29. vvherein thc Iirst sct of bands
of analo spectrum and the second set of bmids of analog
spectrtim comprise multiple-input mulnple-output signals.
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