US 20120177026A1

a9y United States
a2y Patent Application Publication o) Pub. No.: US 2012/0177026 Al
Uyehara et al. #3) Pub. Date: Jul. 12, 2012
(54) DISTINCT TRANSPORT PATH FOR MIMO (52) US.CL e, 370/345; 375/260
TRANSMISSIONS IN DISTRIBUTED
ANTENNA SYSTEMS
57 ABSTRACT
(75) Inventors: Lance K. Uyehara, San Jose, CA ©7
(US); David Hart, Sunnyvale, CA
(US); Dean Zavadsky, Shakopee, A hybrid expansion unit includes at least one digital commu-
MN (US); Larry G. Fischer, nication interface adapted to communicate first and second
Waseca, MN (US) sets of N-bit words of digitized spectrum with an upstream
device. The hybrid expansion unit further includes at least one
(73) Assignee: ADC analog communication interface adapted to communicate
TELECOMMUNICATIONS, first and second sets of bands of analog spectrum with a
INC., Eden Prairie, MN (US) downstream device. The hybrid expansion unit is adapted to
convert between the first set of N-bit words of digitized spec-
(21)  Appl. No.: 13/004,998 trum and the first set of bands of analog spectrum. The hybrid
. expansion unit is further adapted to convert between the sec-
(22) Filed: Jan. 12, 2011 ond set of N-bit words of digitized spectrum and the second
Publication Classificati set of bands of analog spectrum. The first set of bands of
ublication Classification analog spectrum occupy a first frequency range and the sec-
(51) Int.CL ond set of bands of analog spectrum occupy a second fre-
HO4L 2728 (2006.01) quency range. The first frequency range and the second fre-
H04J 3/00 (2006.01) quency range do not overlap.
21— ANALOGOR |
DIGITAL DIGITAL DOMAIN ANALOG DOMAIN
SERVICE INTERFACE 16 118-1 120
PROVIDER a \ TACREOE ]+ Y
INTERFACE - msR | | o VBRI NTERKAUSTR F T Y
== . HEET T 5 EXPANSION: | ¢ —
SERiIcE . 041 f g 141 WIT o TINIOEREROTE
PROVIDER — ° - 106-1 AN 0 v
INTERFACE! [ ol = TN GUSTER ¢
1022 12-2 —
............................. 118-2
114-3
------------------------- HYBRID | L
""""""""""""""" - w2 ¢ {EXPANSTON :
A Ag]?éngfR PUOUNIT G
.......................... . 106-2
| SERGE |\ TNTERFACE T DIGITAL e
| [ROVIDER | EXPANSION:
©OINTERFACE: i T : :
H . MASTER COUNIT G b
: ; HOST ; : : :
EiE T . WNIT il .. i 0 & q i HBRID et
L oD | LR D S — T DEXPANSION: ;
¢ INTERFACE
: 102-4 126-1

Ericsson Inc. v. Dali Wireless, Inc.
EX-1013 Page001



US 2012/0177026 Al

Jul. 12,2012 Sheet 1 of 14

Patent Application Publication

I 914 001
9-811 S ———
Mllllllllll..nlllnllllllm ........... %. EER TN ” .............................................
& 43U YNNALNY £-901 1-921 S AL N S o5
: N /u HRE 2N
e T o2 ¢ I S I : {43qIA0Ud
NOISNYdX4 N \ ...... ¢HOL i . PIAIIS
: | QIRI9AH O o : O .ﬁww_ . T
: It SOOI o © LINN : ddiovi i ) £-¢01
- b-811 : : b AoV 4Y3LINI
" B : : NOISNVdXT | i Ay
; s R NOISHYeX3 i
RSN YNNALNY bbd b o 88 E Y oVJuaNT \ L F0EARAS
* 3IOWIA90TVNY ; » ! MH%M ........................ W1I91Q
: M ——C-
NOISNYdX3 2411 .30 20TvRY e
QTYEAH -
e-pII
8 -2l 201
: . 2801 J _
A § haisnD YNNALNY 901 - C B ) LI
N AUONRIOINY } LINN a . | o . DIAYIS
A 2 hwaisnm YNNILNY QI¥8AH O [ { a3Lsvw JOVRALNI
PN 3LOWF 90TWNY / O 434IA0Yd
0e1 ~1-811 9T PVIHILNI I2IAJIS
. NIYWOQ 90TYNY ; NIYWOQ Tv.LI91Q WV1I91Q
g - d d090WNY 12l

Ericsson Inc. v. Dali Wireless, Inc.

EX-1013 Page002



US 2012/0177026 Al

Jul. 12,2012 Sheet 2 of 14

Patent Application Publication

— (I 802
21z LINN LINN
A1ddNs NOILNATALSIq 9NISSII0Ud _
43IMod X000 AILSYW WALNID 912
\/ ]
................... _ I P P NZ01
................... i N90Z G o[ 02 mmu%a“_%kzﬁ
NS g : ¥3QIN0Ad i
N-v1IT :..N0IQ FZ-N: IIAYIS
. .........................
® [ ]
e |1 | T/ e
. B =
...... - P 8% et
.\ ......... ! N.%%m ..................... ¥0c rm.N: muH>~_wm
ey11— | LLIYEN LINN
ONIXIILINW _ —
................... V11910 | 70 10V JBUNT
........ i 2902 ] Y novd u J3QIN0Yd
N-EH\ ;..noia 22l ERUED
| 1-201
= R o
T.v:.‘\ noiq r.TNE A0IAY3AS
0T

1INN1SOH J31LSVYW

EX-1013 Page003

Ericsson Inc. v. Dali Wireless, Inc.



US 2012/0177026 Al

Jul. 12,2012 Sheet 3 of 14

Patent Application Publication

€ 91d

o7e pIe zZIe o1¢
A4dNS LINN Y2070 1INN 201D LINN
43IMOd N34 NOISNvdX3 INISSIAI0Yd
90TYNY Wv1I191q IVIALNID
......... [T [ o
gzl [ P —— N-20€ |
........... N-90¢ i7|.|.- T noIq
mva  TTI1 |
e i
® ®
...... B I e
........ . _ el €790E _ i €20 i
N8 o 80¢ NovQ ¥0€ noiq
.:“ . QZHXLMM_QM—.W_DE [ @ZHXI_MM_U_%F\_Dg ...................
u 90TVNY I Yl WAI9IQ | e,
NlOOm T O A 2-20¢ I
Al nva [ T T NOIQ
car | | B ||| | e
o’ | _ IS
e8n 908 208
- 7 novQ noIq
901
LINN NOISNYJX3 QId9AH

EX-1013 Page004

Ericsson Inc. v. Dali Wireless, Inc.



US 2012/0177026 Al

Jul. 12,2012 Sheet 4 of 14

Patent Application Publication

AL ® i LIND YNNILNY ;

e T alowR
(el D0TYNY 3AVIS | N-90b
IR
[ J
[ J
R
AN o TLINNYNNIINY G .
"l 20T wm\w_im mm-o@\ Loy
{7 90TYNY 3AVTS LIND YNNIINY 5]
PAN 3LOWH .
SOTVNY 3AV1S [
R —
AN 5 PLIND VNNILNY 1INN mmw_w LNV
o i, FOWR i ) JLOWR
X i 900YNY IAVTS | o001 90T¥NY JILSYW
parm i [
e |-LINN YNNILNV 1-90%
. JLOW
A 907¥NY IAY1S
801

A3LSNTD YNNILNY JLOWIY 90T¥NY

811 \

1INN
NOISNVdX3
QI¥AH
WOY4/01

EX-1013 Page005

Ericsson Inc. v. Dali Wireless, Inc.



US 2012/0177026 Al

Jul. 12,2012 Sheet 5 of 14

Patent Application Publication

N-90t

€-90F —

LINN YNNILNV
4LO0W3Y 90TVNY 4
JAY1S WOJd4/0L

2-90F

1-90%

G 914

N

80G
LINN %2070
3ON3434339
310W3d
JILSVW
90% ¥0S ——
1INN 1INN 206
NOILLNGTALSIq ONINOILIANOD NIV
YNIIS 41 WNITS 41 |
| o= o1g
218
A3TIOLLNO? mwﬁ@w
0%

LINN YNNILNY 2LOW3d 90TVYNY d4LSYwW

~ 81T

1INN

NOISNYdJX3

QIJFAH
WOd4/01

EX-1013 Page006

Ericsson Inc. v. Dali Wireless, Inc.



US 2012/0177026 Al

Jul. 12,2012 Sheet 6 of 14

Patent Application Publication

9 914

229 029 a1
JOLVEIN39 | [3nFeddzy| | ;m
JOLYTIIISO H ™ 3LoW3d w,»
W01 IV 43IMOd
Z¥19 2219 2019 2-809
\ ¥3IXITING HYINOLLIGNGD H ¥3L¥3ANOY F—b—{¥INOTLIANOD
4 4 ANINOIA I 509 709 hzm&d%kz,*
229 | || L {209
— — — | — BNTANC) [anionitonoo| | ALY 90TYNY LSy
1919 1219 1019 1-809 /LTS | [T NaTe U WOd4/0L
¥3IX3TdNG H¥aNOTLIONo H ¥3L3aN02 ¥INOILIANOD — N
NV 0 i AONINDIYS i " 0%
1429 - 43 TIOLLNOD
LINN YNNILNY 3LOW3H 90TYNY IAVIS

EX-1013 Page007

Ericsson Inc. v. Dali Wireless, Inc.



Patent Application Publication  Jul. 12,2012 Sheet 7 of 14 US 2012/0177026 Al

DIGITAL EXPANSION UNIT
10
114 126-1
A DIOU DIOU 4
702-1 706-1
................... 126-2
R e
..... ez DIGITAL
MULTJELIE_XING
126-3
114\ 704 | Coou |
Al DIOU Co706-3
702-3 '
AN, | e, rnrny 126 N
.................. IOU o oo DIOU
A 7Doz-N 706N T [
................... I srresmmees
714 CENTRAL DIGITAL POWER
A PROCESSING EXPANSION SUPPLY
UNIT CLOCK UNIT 712
708 710

FIG. 7

Ericsson Inc. v. Dali Wireless, Inc.
EX-1013 Page008



US 2012/0177026 Al

Jul. 12,2012 Sheet 8 of 14

Patent Application Publication

8 914

1-801

2 |yarsnm YNNALNY

JLOWIH 90TYNY

021
NIYWOQ 901YNY

008

¢-cll
)

¢-c0l
FOVIY3LNI
43QIAOUd
FOINISS

_ = GbII
A T | ey
PN 3L0W34 ¥1191q
1901 © -
LINN .
NOISNVdX3 - « || 10
QIY9AH PN ® | daisvw
(@]
— 1811 3T
NIYWOQ WLI9IQ

FVAIIINI

1-201
JOVIYILNI
J43QINOYUd
JIIAJIS

W1iI191Q
40 907¥YNY

—~1-21

EX-1013 Page009

Ericsson Inc. v. Dali Wireless, Inc.



Patent Application Publication

Jul. 12,2012 Sheet 9 of 14

DIGITAL REMOTE ANTENNA UNLT

US 2012/0177026 Al

122 918-1
N | ozo0 RF MODULE
902-1 2061
— 1
982 922-1
114"“ 85203 """ _n_,[ RF %%DZULE
........... e ——
TPLEXING | {1
UNIT 918N
114 orou 904 [ RF MODULE
""""""" 902-3 1 906N
................................ :’.\—’922-N
[ ]
............ s
DIOU
”4____ Lipou i sS4
goi_h] ..............................
924 Ak s | [DITTAL REMOTE POWER
Q| | PROGESSING |12 oy NTT SUPPLY
%08 310 L

FIG.9

Ericsson Inc. v. Dali Wireless, Inc.

EX-1013 Page010



US 2012/0177026 Al

Jul. 12,2012 Sheet 10 of 14

Patent Application Publication

LINA X207
3L0W3d TVLI91IQ
o1 914 WoaJ
— 8101
\I
226 \\
vIoT — L
701
4OLVINI9 9701
LINA X207
J0OLYTIIISO 43 TI04LNO?
LY T FINAOW 44
_ _ 1 __ 1INN
0101 3001 3001 0oL — INIXITILLINW
43XITINA —RINOTLIANOI— 83 L 43ANO? ——INOTLIANG? o0 WLISIQ
Y Y AININD IS 1 r WGORI4/0L
- 816
506
3NA0OW 44

EX-1013 Page011

Ericsson Inc. v. Dali Wireless, Inc.



¥-201
AELETINS
3ATIAOUd
HOIAY3S

Jard v

€-201
AELETINY
3QIA04d
40IAY3S

vl =y

~—¢-2Il

¢-201
AELETINS
3QIA04d
HOIAYAS

~x

1-201

O ELETIN
3QIA0™d
10IAd3S

~ LU

1211

=
S 0011
=) ! K
S IT 914 T
= A £ | LINNWNNILNY
S P 31034 ¥1191Q T
L
2 €-cel 1-921 b-2Il
= = LINNYNNaLNY | /7 s b
A I ET RN oy I M
- ®
s 7 LINN O ]! imn .
—_ A & | LINN YNNILNY NOISNVdX3| 1SOH .
= PN 3LOW3Y TV1191Q WLI9IQ ¥ILSYW
o
5 ’ _|q = I 3DV ILNT
= = LINN YNNILNY VLI9IQ
A 3 |310W3Y V1I91Q 0 90TYNV
o 811 S .
N A _itlw magzmz,ﬂ/
P  3CED S
g AT Lalowsomw |+ |1 2908 /]
M - £-801 » | INOISNYdX3 KN&: vt
A 13 loausnm vinauw QI¥gAH
A AL0V3Y J0TYNY 7]
= 2811 ~¢-g1] GbIT N-N:J
= 1) o
o] V e -
S $ [320snT2 YNNALNY - o) -
= : . 1-901 - 1501 .
= A Laomaoww | e )b PR Jaa O | LINN .
& T80 o | iNOISNVdX3 : a%mqs .
S AT ¥ YNNALNY (Td8AH .
= U L2LOWaR 90T O
= 021 ~1-9]] o JOVHIILNI
= . NIYWOQ 90TYNY NIYWOQ 1v.L191Q WLI9Iq
= . S - 40 90TYNY
<
=
2
3]
[~¥

Ericsson Inc. v. Dali Wireless, Inc.

EX-1013 Page012



US 2012/0177026 Al

Jul. 12,2012 Sheet 12 of 14

Patent Application Publication

2l 914

044
JALSNTD/LINN YNNILNY ILOWIH S0TYNY LSAId
1V 30V4A43LNI JIV ANO23S 43A0
WNYELI3dS SSITIFIM ANOIIS INTLY I INNWWOD

*

81¢]
JALSNTD/LINN YNNILNY J1LOW3d 90TYNY LSdId
1Y DVLAIINT AIY LSAIH A0

01c1
LINN NOISNVdX3 QIdgAH 1S¥Id LV
WNAL23dS 90T¥NY 40 SQNVE 40 L3S HL1INOd ANV
WNAL33dS Q37111914 40 STIOM L18-N 40 135S ANOI3S
N33IML38 WNELD3dS SSATIFIM ANOIIS INILIIANOD

*

WNYLIAdS SSATIFIM LSAIS INILYIINNWWOD

R

9121
J3LSNTD/LINN YNNILNY JLOWIY 90TWNY LSHI LY
WNAL23dS 90TYNY 40 SANVE J0 135 HLXIS

maz«. WNY123dS Q47111910 40 SQIOM 1I8-N 40 13S I._.N_DOmm

NIIML3F WNALITdS SSITIFIIM ANO23S INLLIFANOD

JILSNTD/LINN YNNILNY JLOWI 90TVNY LSAI LY
WNALI3dS 90TvYNY 40 SANVE 40 L3S H14Id
QANY WNJL33dS 90TYNY 40 SANYA 40 135 QAIHL
NIIMLIT WNALDAdS SSTTIVIM LSATS INILIIANOD

clel
d31LSNT/LINN YNNILNY JLOWIH 90TYNY 1SHI4 ANY
LINN NOISNYdX3 QIIGAH LS¥I4 NIIMLIG WNIQIW 90TVNY
NO WNJL23dS 90TYNV 40 SANYE 40 L3S H1JINO4 ANV

80cl
1INN NOISNVdX3 QId8AH LSYI4 1V
WNYJLI3dS 90TYNY 40 SANYE 40 LIS QIIHL ANV
WNYL23dS Q3Z11191Q 40 STIOM LI3-N 4O L3S 1Sy1d
NIFMLIF WNALD3dS SSATIHIM LSHI4 INTLIIANOD

*

90¢!t
1INN NOISNVdJX3 QI¥3AH LSAI
QNY LINN LSOH d31SYW 1SdId N3IaMLIa WNIQIwW
TYLI9I0 NO WNJLD3dS Q3ZI1I91Q 40 SQIOM

1I8-N 40 5135 ANO23S ANV L ST INTLHOdSNVIL
K

Y021
LINN LSOH J43LSYW LSdId LY
WNYLD3¢S Q3ZILI9IQ 40 SAIOM LIE-N 40 L3S ANOJIS
ANY WNJLI3dS 90TYNY 40 SANYE ANOIIS
NIIMLIF WNALDOTFIS SSTTFHIIM ONODIS INTLIFANOD

%

WNYEL23dS 90TYNV 40 SANYE 40 135 QUIHL INLLIOISNYHL

20cl
LINN LSOH JJLSYW 1SdId LY
WNYLI23dS Q3ZILIIIQ 40 SAIOM LI8-N 4O 135 1SAIS
QNY WNA123dS 90T¥NY 40 SANYE 1514
N3FMLIT WNILIIdS SSITIIIM LSAIS INILIIANOD

/ 0021

Ericsson Inc. v. Dali Wireless, Inc.

EX-1013 Page013



US 2012/0177026 Al

Jul. 12,2012 Sheet 13 of 14

Patent Application Publication

€l 914

r1ET
LINN YNNILNY 31LOW3Y T¥.L1191Q 1SdId
1V JOV4J3LNI JIV HLJINOH J3IA0
WNAL23dS SSIIJIM HLINOL INILYIINNWWOD

+

¢lel
LINN YNNILNY JLOWIY T¥.LI19IQ LSYId
1V DVIIILNT 31V QIIHL J3INO
WNY1D3dS SSITIRITM QUTHL INLLYIINNWWOD

+

90€1
LINN YNNILNY 3LOW3Y T¥LI9IQ LSAIS
QNY LINN LSOH J31LSYW LSJTd N3IIML3Ig WNIQ3IW
TYLI9IQ NO WNALD3dS Q3ZILI91Q 40 SQIOM
1I8-N 40 5135 H1dNO4 ANV QJIHL INILYIOdSNVIL

0IEl
LINN YNNILNY 3LOW3d TYLI9IQ LSJTH LY
WNJLI3AdS 90T¥NY 40 SANYE 40 L3S HLXIS
ANV WNJLD3dS Q3ZILTI91Q 40 SQIOM LIg-N 4O L3S HLINOS
NIIMLIE WNALIAdS SSATRIM ANOI3IS INILIFANOD

4

+

¥0t1
LINN LSOH J3LSYW LS¥Id 1V
WNYL23dS Q3ZILI9IQ JO STYIOM LI8-N JO L3S HLINOL
ANY WNJLI3AdS 90TYNY 4O SANVE ANOD3S
NI3IML G WNRLDT4S SSITIIIM ANOIIS INILIFANOD

80¢7
LINN VNNILNY JLOW3Y TYLI9IQ LSYI4 LY
WNYL23dS 90T¥NY 40 SANVE 40 L3S H14Td
ANV WNYLI3dS Q3ZILI9IQ 40 SQIOM LI8-N 40 L3S QIIHL
NIIMLIG WNILIFdS SSITIIIM LSIIH INILIIANOD

%

¢0€1
LINN LSOH J31SVYW LS3Id 1V
WNY123dS Q3Z11L191Q 40 SQIOM LI8-N 40 13S QaIHL
ANV WNJLD3dS 90T¥NY 40 SANVE LSIIS
NIIMLIT WNILDIdS SSITIFIM LSATS INILIIANOD

%

/ 00¢T

EX-1013 Page014

Ericsson Inc. v. Dali Wireless, Inc.



Patent Application Publication  Jul. 12,2012 Sheet 14 of 14  US 2012/0177026 Al

1400
N

TRANSPORTING FIRST AND SECOND SETS OF N-BIT
WORDS OF DIGITIZED SPECTRUM WITH
AN UPSTI?ES;A DEVICE

!

SIMULTANEQUSLY TRANSPORTING FIRST AND SECOND
SET OF BANDS OF ANALOG SPECTRUM WITH A
DOWNSTIRLIE&M DEVICE

v

CONVERTING BETWEEN THE FIRST SET OF
N-BIT WORDS OF DIGITIZED SPECTRUM AND
THE FIRST SET OF BAI\IJIA)rgéOF ANALOG SPECTRUM

v

CONVERTING BETWEEN THE SECOND SET OF
N-BIT WORDS OF DIGITIZED SPECTRUM AND
THE SECOND SET OF BAII:JKD)S OF ANALOG SPECTRUM

FIG. 14

Ericsson Inc. v. Dali Wireless, Inc.
EX-1013 Page015



US 2012/0177026 Al

DISTINCT TRANSPORT PATH FOR MIMO
TRANSMISSIONS IN DISTRIBUTED
ANTENNA SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is related to commonly
assigned and co-pending U.S. patent application Ser. No.
11/150,1020 (hereafter “the >1020 Application™) entitled
“PROVIDING WIRELESS COVERAGE INTO SUBSTAN-
TIALLY CLOSED ENVIRONMENTS?”, filed on Jun. 10,
2005 (currently pending). The present application is also
related to commonly assigned and co-pending U.S. patent
application Ser. No. 12/775,897 (hereafter “the *897 Appli-
cation”) entitled “PROVIDING WIRELESS COVERAGE
INTO SUBSTANTIALLY CLOSED ENVIRONMENTS”,
filed on May 7, 2010 (currently pending). The present appli-
cation is also related to commonly assigned and co-pending
U.S. patent application Ser. No. 12/845,060 (hereafter “the
060 Application”) entitled “DISTRIBUTED DIGITAL
REFERENCE CLOCK?”, filed Jul. 28, 2010 (currently pend-
ing). The present application is also related to commonly
assigned and co-pending U.S. patent application Ser. No.
12/913,179 (hereafter “the 179 Application™) entitled “DIS-
TRIBUTED ANTENNA SYSTEM WITH COMBINATION
OF BOTH ALL DIGITAL TRANSPORT AND HYBRID
DIGITAL/ANALOG TRANSPORT”, filed Oct. 27, 2010
(currently pending). The 1020 Application, the *897 Appli-
cation, the *060 Application, and the *179 Application are all
incorporated herein by reference in their entirety.

BACKGROUND

[0002] Distributed Antenna Systems (DAS) are used to dis-
tribute wireless signal coverage into buildings or other sub-
stantially closed environments. For example, a DAS may
distribute antennas within a building. The antennas are typi-
cally connected to a radio frequency (RF) signal source, such
as a service provider. Various methods of transporting the RF
signal from the RF signal source to the antennas have been
implemented in the art.

SUMMARY

[0003] Ahybrid expansion unit includes at least one digital
communication interface adapted to communicate first and
second sets of N-bit words of digitized spectrum with an
upstream device. The hybrid expansion unit further includes
at least one analog communication interface adapted to com-
municate first and second sets of bands of analog spectrum
with a downstream device. The hybrid expansion unit is
adapted to convert between the first set of N-bit words of
digitized spectrum and the first set of bands of analog spec-
trum, The hybrid expansion unit is further adapted to convert
between the second set of N-bit words of digitized spectrum
and the second set of bands of analog spectrum. The first set
of bands of analog spectrum occupy a first frequency range
and the second set of bands of analog spectrum occupy a
second frequency range. The first frequency range and the
second frequency range do not overlap.

DRAWINGS

[0004] FIG. 1 is a block diagram of one embodiment of a
system for providing wireless coverage into a substantially
enclosed environment.

Jul. 12,2012

[0005] FIG. 2 is a block diagram of one embodiment of a
master host unit for the system of FIG. 1.

[0006] FIG. 3 is a block diagram of one embodiment of a
hybrid expansion unit for the system of FIG. 1.

[0007] FIG. 4 is a block diagram of one embodiment of an
analog remote antenna cluster for the system of FIG. 1.
[0008] FIG. 5 is a block diagram of one embodiment of a
master analog remote antenna unit for the analog remote
antenna unit cluster of FIG. 4.

[0009] FIG. 6 is a block diagram of one embodiment of a
slave analog remote antenna unit for the analog remote
antenna unit cluster of FIG. 4.

[0010] FIG. 7 is a block diagram of one embodiment of a
digital expansion unit for the system of FIG. 1.

[0011] FIG. 8 is a block diagram of another embodiment of
a system for providing wireless coverage into a substantially
enclosed environment.

[0012] FIG. 9 is a block diagram of one embodiment of a
digital remote antenna unit for the system of FIG. 8.

[0013] FIG. 10 is a block diagram of one embodiment of a
RF module for the digital remote antenna unit of FIG. 9.
[0014] FIG. 11 is a block diagram of another embodiment
of a system for providing wireless coverage into a substan-
tially enclosed environment.

[0015] FIG. 12 is a flow diagram of an embodiment of a
method of communicating multiple-input multiple-output
(MIMO) signals through a distributed antenna system.
[0016] FIG. 13 is a flow diagram of another embodiment of
a method of communicating multiple-input multiple-output
(MIMO) signals through a distributed antenna system.
[0017] FIG. 14 is a flow diagram of an embodiment of a
method of converting and transporting multiple-input mul-
tiple-output (MIMO) signals at a hybrid expansion unit in a
distributed antenna system.

[0018] In accordance with common practice, the various
described features are not drawn to scale but are drawn to
emphasize specific features relevant to the exemplary
embodiments.

DETAILED DESCRIPTION

[0019] FIG. 1 is a block diagram of one embodiment of a
system 100 for providing wireless coverage into a substan-
tially enclosed environment. The system 100 includes at least
one master host unit (MHU) 104, at least one hybrid expan-
sion unit (HEU) 106, and at least one analog remote antenna
cluster (ARAC) 108. The system communicates with a first
service provider interface 102-1 and a second service pro-
vider interface 102-2, though greater quantities of service
provider interfaces 102 are used in other embodiments.
Example system 100 includes at least one 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 digital communica-
tion link 114-1. The analog remote antenna cluster 108-1 is
connected to the hybrid expansion unit 106-1 using at least
one analog communication link 118.

[0020] Some embodiments of example system 100 include
various combinations of additional optional components,
such as a digital expansion unit 110 and greater quantities of
master host units 104 (such as optional master host unit 104),
hybrid expansion units 106 (such as optional hybrid expan-
sion units 106-2 and 106-3), and/or analog remote antenna
clusters 108 (such as optional analog remote antenna clusters
108-2 through 108-6). The optional hybrid expansion units

Ericsson Inc. v. Dali Wireless, Inc.
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106 are connected to master host units 104 using digital
communication links 114 and the optional analog remote
antenna clusters are connected to hybrid expansion units 106
using analog communication links. Each optional master host
unit 104 operates according to the description below. In addi-
tion, each digital expansion unit 110 operates according to the
description below. Similarly, each optional hybrid expansion
unit 106 operates according to the description below. In addi-
tion, each analog remote antenna cluster operates according
to the description below.

[0021] Insome embodiments of system 100, optional ana-
log remote antenna cluster 108-2 is connected to the hybrid
expansion unit 106-1 using at least one analog communica-
tion link 118-2. Further, some embodiments of system 100
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
remote antenna cluster 108-3 is connected to hybrid expan-
sion unit 106-2 through at least one analog communication
link 118-3 and optional analog remote antenna cluster 108-4
is connected to hybrid expansion unit 106-2 through at least
one analog communication link 118-4.

[0022] Insomeembodiments of system 100, optional digi-
tal expansion unit 110 is connected to master host unit 104-1
using at least one digital communication link 114-3. Further,
some embodiments of system 100 include optional hybrid
expansion unit 106-3 connected to the optional digital expan-
sion unit 110 using at least one digital expansion communi-
cation link 126-1. In some embodiments, optional analog
remote antenna cluster 108-5 is connected to hybrid expan-
sion unit 106-2 through at least one analog communication
link 118-5 and optional analog remote antenna cluster 108-6
is connected to hybrid expansion unit 106-3 through at least
one analog communication link 118-6.

[0023] Each service provider interfaces 102, 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 (BTS), a repeater, a bi-directional ampli-
fier, a base station hotel or other appropriate interface for one
or more service provider networks. In one embodiment, sys-
tem 100 distributes a multiple-input multiple-output (MIMO)
signal having a first MIMO path and a second MIMO path. As
described below, the first and second MIMO paths provide
two distinct MIMO paths from the master host unit 104 to the
antennas. The combination of the first MIMO path and the
second MIMO path facilitate transmission of a MIMO signal.
Service provider interface 102-1 is an interface for the first
MIMO path and service provider interface 102-2 is an inter-
face for the second MIMO path.

[0024] The services may operate using various wireless
protocols and in various bands of frequency spectrum. For
example, the services may include, but are not limited to, 800
MHz cellular service, 1.9 GHz Personal Communication Ser-
vices (PCS), Specialized Mobile Radio (SMR) services,
Enhanced Special Mobile Radio (ESMR) services at both 800
MHz and 900 MHz, 1800 MHz and 2100 MHz Advanced
Wireless Services (AWS), 700 MHz uC/ABC services, two
way paging services, video services, Public Safety (PS) ser-
vices at 450 MHz, 900 MHz and 1800 MHz Global System
for Mobile Communications (GSM), 2100 MHz Universal
Mobile Telecommunications System (UMTS), Worldwide
Interoperability for Microwave Access (WiMAX), 3rd Gen-
eration Partnership Projects (3GPP) Long Term Evolution
(LTE), High Speed Packet Access (HSPA), or other appropri-
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ate communication services. The system 100 is capable of
transporting both Single Input Single Output (SISO) and
Multiple Input Multiple Output (MIMO) services at any of
the frequencies described above. The system 100 can support
any combination of SISO and MIMO signals across various
bands of frequency spectrum. In some example embodi-
ments, the system 100 may provide MIMO streams for
WIMAX. LTE, and HSPA services while only providing
SISO streams for other services. Other combinations of
MIMO and SISO services are used in other embodiments.

[0025] In system 100, service provider interface 102-1 is
connected to master host unit 104-1 over an analog commu-
nication link 112-1 and service provider interface 102-2 is
connected to master host unit 104-1 over an analog commu-
nication link 112-2. Each of analog communication link
112-1 and analog communication link 112-2 includes two
analog communication media, such as coaxial cables or fiber
optic cables. One analog communication media is for down-
stream communication and the other is for upstream commu-
nication. The downstream and upstream analog communica-
tion media have been shown as a single analog
communication link 112-1 and a single analog 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 downlink and uplink
streams between the service provider interface 102-1 and the
master host unit 104-1. Similarly, analog communication link
112-2 only includes a single physical media, which is used to
carry both the downlink and uplink streams between the
service provider interface 102-2 and the master host unit
104-1.

[0026] The master host unit 104-1 receives first down-
stream bands of radio frequency (RF) spectrum representing
the first MIMO path from service provider interface 102-1
over the analog communication link 112-1. In addition, the
master host unit 104-1 receives second downstream bands of
RF spectrum representing the second MIMO path from ser-
vice provider interface 102-2 over the analog communication
link 112-2. In addition, the master host unit 104-1 sends first
upstream bands of radio frequency (RF) spectrum to the
service provider interface 102-1 over the analog communica-
tion link 112-1. In addition, the master host unit 104-1 sends
second upstream bands of radio frequency (RF) spectrum to
the service provider interface 102-2 over the analog commu-
nication link 112-2.

[0027] In other embodiments, the service provider inter-
face 102-1 and the service provider interface 102-2 are con-
nected to the master host unit 104-1 using respective digital
communication links each using at least one digital commu-
nication media. Thus, while this disclosure describes analog
communication link 112-1 and analog communication link
112-2, the format of these interfaces is not essential to opera-
tion of system 100. If an analog interface is used, the master
host unit 104-1 converts the analog signal to a digital format
as described below. If a digital interface is used, the master
host unit 104-1 will either communicate the digital data as is
or reformat the data into a representation that can be used for
transport within the digital domain 116 described below. In
example embodiments using a single physical medium for
each analog communication link 112, frequency division
multiplexing (FDM), time division multiplexing (TDM), and
optical wavelength division multiplexing (WDM) are used to
achieve a duplex connection over the single medium.
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[0028] System 100 uses both digital and analog transport to
extend the coverage of the wireless services into the substan-
tially enclosed environment. First, system 100 uses digital
transport over at least one digital communication link 114 to
transport digitized RF spectrum between the master host unit
104-1 and the at least one hybrid expansion unit 106. This
digital RF spectrum includes both the first MIMO path and
the second MIMO path. In some embodiments including
digital expansion unit 110, the system 100 uses digital trans-
port over a digital communication link 114-3 to transport
digitized RF spectrum including the first and second MIMO
paths between the master host unit 104-1 and the digital
expansion unit 110. Each digital communication link 114
includes two digital communication media, such as fiber optic
cables. One digital communication medium is for down-
stream communication and the other is for upstream commu-
nication. The downstream and upstream digital communica-
tion media have been shown as a single digital
communication link 114 for simplicity.

[0029] The areas of digital transport are called the digital
domain 116. In other implementations, digital transport can
be used to transport between other components as well and
the digital domain 116 is more expansive. In other embodi-
ments, each digital communication link 114 only includes a
single physical media, which is used to carry both the down-
link and uplink streams between the master host unit 104-1
and the at least one digital expansion unit 110. In example
embodiments using a single physical media for each digital
communication link 114, optical multiplexing techniques
(i.e., wavelength division multiplexing (WDM), coarse wave-
length division multiplexing (CWDM), or dense wavelength
division multiplexing (DWDM)) are used to achieve a duplex
connection over the single medium.

[0030] While an optical fiber is used in the example system
100, other appropriate communication media can also be used
for the digital transport. For example, other embodiments use
free space optics, high speed copper or other wired, wireless,
or optical communication media for digital transport instead
of the optical fibers used in each of the at least one digital
communication link 114. By using digital transport over the
at least one digital communication link 114, the bands of RF
spectrum provided by the service provider interface 102 can
be transported over long distances with minimal errors and
more resiliency and robustness to signal loss and distortion of
the physical medium. Thus, system 100 may extend coverage
for wireless services to buildings located significant distances
from the service provider interface 102.

[0031] Second, system 100 uses analog transport over at
least one analog communication link 118 between the at least
one hybrid expansion unit 106 and the at least one analog
remote antenna cluster 108 to extend the reach of the digital
transport into the substantially enclosed environment. Each
analog communication link 118 includes two analog commu-
nication media, such as coaxial cables. One analog commu-
nication media is for downstream communication and the
other is for upstream communication. The downstream and
upstream analog communication media have been shown as a
single analog communication link 118 for simplicity. While
coaxial cable is used in the example system 100, other appro-
priate communication media can also be used for the analog
transport. The areas of analog transport are called the analog
domain 120. The first and second MIMO paths are trans-
ported in the analog domain using intermediate frequencies
(IF).
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[0032] 1In other implementations, analog transport can be
used to transport between other components as well and the
analog domain 120 is more expansive. In other embodiments,
each analog communication link 118 only includes a single
physical medium, which is used to carry both the downlink
and uplink streams between each hybrid expansion unit 106
and each analog remote antenna cluster 108. In example
embodiments using a single physical medium for each analog
communication link 118, frequency division multiplexing
(FDM), time division multiplexing (IDM), and optical wave-
length division multiplexing (WDM) are used to achieve a
duplex connection over the single medium.

[0033] As discussed in further detail below, the various
components of system 100 convert the first MIMO path and
the second MIMO path between radio frequencies (RF), vari-
ous intermediate frequencies (IF), digitized bands of RF spec-
trum, and digitized IF. As baseband representations of the
signals can also be used, the invention can be generalized to
convert between analog and digital signals. These various
conversions require that the digital domain 116 and the ana-
log domain 120 be synchronized in time and frequency. Time
synchronization is important to the sampling and reconstruc-
tion of the signals. Time synchronization is also important
when time alignment of signals in the various parallel
branches of the system is necessary. Frequency synchroniza-
tion is important to maintaining the absolute frequency of the
signals at the external interfaces of the system. In order to
synchronize the digital domain 116 and the analog domain
120, a common reference clock is distributed throughout both
the digital domain 116 and the analog domain 120 as
described in detail below. This common clock allows for
accurate conversion and recovery between RF, IF, digitized
bands of RF spectrum, and digitized IF, or more broadly
between analog spectrum and digital spectrum.

[0034] FIG. 2 is a block diagram of one embodiment of the
master host unit 104 of system 100. Master host unit 104
includes at least one digital-analog conversion unit (DACU)
202, atleast one digital multiplexing unit (DMU) 204, at least
one digital input-output unit (DIOU) 206, at least one central
processing unit (CPU) 208, at least one master clock distri-
bution unit (MCDU) 210, and at least one power supply 212.
[0035] The master host unit 104 communicates the first
MIMO path as a first band of analog spectrum with service
provider interface 102-1 and the second MIMO path as a
second band of analog spectrum with service provider inter-
face 102-2. In addition, master host unit 104 includes a
DACU 202-1 coupled with service provider interface 102-1
and associated with the first MIMO path. The master host unit
104 also includes a DACU 202-2 coupled with service pro-
vider interface 102-2 and associated with the second MIMO
path. These couplings may be accomplished in various ways.
For example, service provider interface 102-1 is directly
coupled to DACU 202-1 through analog communication link
112-1. In addition, service provider interface 102-2 is directly
coupled to DACU 202-2 through analog communication link
112-2. In some embodiments, single service provider inter-
faces are coupled to multiple DACU through splitters/com-
biners. Similarly, in some embodiments, multiple service
provider interfaces are coupled to single DACUs through
splitter/combiners.

[0036] As noted above, each analog communication link
112 of system 100 represents two analog media, one for
downstream communication and one for upstream commu-
nication. In other embodiments, each link includes greater or
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fewer analog media. In other embodiments, the master host
unit communicates at least one band of digital spectrum with
at least one service provider interface across at least one
digital communication link using digital data or digitized
spectrum. In example embodiments where a digital commu-
nication link is used between the service provider interface
and the master host unit, the service provider interface com-
municates digital data directly with the master host unit and
no analog 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 are first converted from
analog to digital before being transmitted across the at least
one digital communication link to the master host unit 104.
Some example embodiments of master host unit 104 also
include additional DACUs, such as DACU 202-3 and DACU
202-N; associated with additional service provider interfaces,
such as service provider interface 102-3 and service provider
interface 102-N.

[0038] Each DACU 202 operates to convert between at
least one band of analog spectrum and N-bit words of digi-
tized spectrum. Specifically, DACU 202-1 converts the first
MIMO path between a first band of analog spectrum and a
first set of N-bit words of digitized spectrum. Similarly,
DACU 202-2 converts the second MIMO path between a
second band of analog spectrum and a second set of N-bit
words of digitized spectrum. In some embodiments, each
DACU 202 is implemented with a Digital/Analog Radio
Transceiver (DART board) commercially available from
ADC Telecommunications, Inc. of Eden Prairie, MN as part
of the FlexWave™ Prism line of products. The DART board
is also described in U.S. patent application Ser. No. 11/627,
251, assigned to ADC Telecommunications, Inc., published
in U.S. Patent Application Publication No. 2008/01101482,
and incorporated herein by reference. In some implementa-
tions, this occurs in stages, such that the analog spectrum is
first converted to an IF frequency and subsequently converted
to N-bit words of digitized spectrum. The bands of analog
spectrum include signals in the frequency spectrum used to
transport a wireless service, such as any of the wireless ser-
vices described above. In some embodiments, master host
unit 104 enables the aggregation and transmission of a plu-
rality of services to a plurality of buildings or other structures
s0 as to extend the wireless coverage of multiple services into
the structures with a single platform.

[0039] The DMU 204 multiplexes N-bit words of digitized
spectrum received from a plurality of DACU 202 (DACU
202-1 through DACU 202-N) and outputs a time-multiplexed
digital data stream containing both the first MIMO path and
the second MIMO path to at least one DIOU 206 (DIOU
206-1 through DIOU 206-N). In other embodiments, the first
and second MIMO paths are multiplexed in other ways. The
DMU 204 also demultiplexes an upstream time-multiplexed
digital data stream containing both the first MIMO path and
second MIMO pathreceived from at least one DIOU 206. The
DMU 204 outputs a first stream of N-bit words of digitized
spectrum containing the upstream first MIMO path to the
DACU 202-1. The DMU 204 also outputs a second stream of
N-bit words of digitized spectrum containing the upstream
second MIMO path to the DACU 202-2. In some embodi-
ments, each DMU 204 is implemented with a Serialized RF
(SeRF board) commercially available from ADC Telecom-
munications, Inc. of Eden Prairie, MN as part of the Flex-
Wave™ Prism line of products. The SeRF board is also
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described in U.S. patent application Ser. No. 11/627,251,
assigned to ADC Telecommunications, Inc., published in
U.S. Patent Application Publication No. 2008/01101482, and
incorporated herein by reference.

[0040] Each DIOU 206 communicates a time-multiplexed
digital data stream containing MIMO paths across at least one
digital communication link 114 (digital communication link
114-1 through digital communication link 114-N) using digi-
tal transport. The time-multiplexed digital data stream com-
municated across the digital communication link 114
includes N-bit words of digitized spectrum for both the first
MIMO path and second MIMO path. Each DIOU 206 also
receives at least one digitized multiplexed signal from the at
least one digital communication link 114 using digital trans-
portand sends the at least one digitized multiplexed signal to
the DMU 204 for processing. In some embodiments of sys-
tem 100 shown in FIG. 1, the digital communication link
114-1 is connected to hybrid expansion unit 106-1 and digital
communication link 114-3 is connected to optional digital
expansion unit 110. DIOU 206-1 communicates using digital
transport with hybrid expansion unit 106-1 and DIOU 206-2
communicates using digital transport with digital expansion
unit 110. As noted above, each digital communication link
114 represents two digital media, one for downstream com-
munication and one for upstream communication. In addition
to carrying the digitized multiplexed signals, each digital
communication link 114 may also be used to communicate
other types of information such as system management infor-
mation, control information, configuration information and
telemetry information. The hybrid expansion unit 106 and
digital remote antenna unit 122 are described in detail below.
[0041] Each DACU 202 and DMU 204 is synchronized
with the other components of master host unit 104 and system
100 generally. Master clock distribution unit 210 generates a
digital master reference clock signal. This signal is generated
using any stable oscillator, such as a temperature compen-
sated crystal oscillator (TCXO), an oven controlled crystal
oscillator (OCXO), or a voltage controlled crystal oscillator
(VCXO). In the embodiment shown in FIG. 2, the stable
oscillator is included in the master clock distribution unit 210.
In other embodiments, a reference clock external to the mas-
ter host unitis used, such as a clock from a base station, a GPS
unit, or a cesium atomic clock. In embodiments where digital
data is communicated between service provider interface 102
and master host unit 104, the master clock distribution unit
210 may derive the reference clock signal from the digital
data stream itself or an external clock signal may be used.
[0042] The digital master reference clock signal is supplied
to each DACU 202 and each DMU 204 in the master host unit
104. Each DACU 202 uses the clock to convert between at
least one band of analog spectrum and N-bit words of digi-
tized spectrum. The DMU 204 uses the clock to multiplex the
various streams of N-bit words of digitized spectrum together
and outputs the multiplexed signal to each DIOU 206. Thus,
the downstream digital data streams output by each DIOU
206 are synchronized to the digital master reference clock
signal. Thus, through the clocking of the downstream digital
data streams, the digital master reference clock signal is dis-
tributed to each hybrid expansion unit 106 and each digital
expansion unit 110 through each corresponding digital com-
munication link 114.

[0043] CPU 208 is used to control each DACU 202 and
each DMU 204. An input/output (I/O) line 216 coupled to
CPU 208 is used for network monitoring and maintenance.
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Typically, I/O line 216 is an Ethernet port used for external
communication with the system. Other communication pro-
tocols such as Universal Serial Bus (USB), IEEE 1394
(FireWire), and serial may also be used. Power supply 212 is
used to power various components within master host unit
104.

[0044] FIG. 3 is a block diagram of one embodiment of a
hybrid expansion unit 106 of system 100. Hybrid expansion
unit 106 of system 100 includes at least one digital input-
output unit (DIOU) 302, at least one digital multiplexing unit
(DMU) 304, a first digital-analog conversion unit (DACU)
306-1 and a second digital-analog conversion unit (DACU)
306-2, at least one analog multiplexing unit (AMU) 308, at
least one central processing unit (CPU) 310, at least one
digital expansion clock unit (DECU) 312, at least one analog
domain reference clock unit (ADRCU) 314, and at least one
power supply 316.

[0045] Each hybrid expansion unit 106 communicates at
least one band of digitized spectrum with the master host unit
104 in the form of a multiplexed digitized signal containing
N-bit words of digitized spectrum. The multiplexed digitized
signal is received at the at least one DIOU 302 through at least
one digital communication link 114. In the embodiment
shown in FIG. 3, only one DIOU 302-1 is necessary if the
hybrid expansion unit 106 is only coupled with a single
upstream master host unit 104 (or single upstream digital
expansion unit 110 as described in detail below). In other
embodiments that require more data throughput than can be
handled by a single digital data link 114, a single hybrid
expansion unit 106 includes multiple DIOUs 302 (such as
optional DIOU 302-2 through DIOU 302-N) that are used to
couple a single master host unit 104 with the single hybrid
expansion unit 106. In other embodiments, hybrid expansion
unit 106 has multiple DIOUs 302 (such as optional DIOU
302-1 through DIOU 302-N) and is connected to multiple
upstream master host units 104 or digital expansion units 110
through digital communication links 114. In other embodi-
ments, hybrid expansion unit 106 is connected to other hybrid
expansion units through DIOU 302. In some embodiments
including multiple upstream connections, the hybrid expan-
sion unit 106 selects one DIOU 302 to extract the clock signal
from.

[0046] The at least one DIOU 302 communicates the mul-
tiplexed digitized signal containing N-bit words of digitized
spectrum to the DMU 304. The DMU 304 demultiplexes
N-bit words of digitized spectrum representing the first
MIMO path and the second MIMO path from the digitized
signal received from the at least one DIOU 302 and sends the
N-bit words of digitized spectrum representing the first
MIMO path to the DACU 306-1 and the N-bit words of
digitized spectrum representing the second MIMO path to the
DACU 306-2. DACU 306-1 converts the N-bit words of digi-
tized spectrum representing the first MIMO path to a third
band of analog spectrum. DACU 306-2 converts the N-bit
words of digitized spectrum representing the second MIMO
path to a fourth band of analog spectrum.

[0047] In some embodiments, DACU 306-1 and DACU
306-2 convert the digitized signals into intermediate frequen-
cies for simultaneous transport across a single analog
medium. Specifically, DACU 306-1 converts the first MIMO
path from N-bit words of digitized spectrum into a third band
of analog spectrum occupying a first frequency range. In
addition, DACU 306-2 converts the second MIMO path from
N-bit words of digitized spectrum into a third band of analog
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spectrum occupying a second frequency range. The third
band of analog spectrum and the fourth band of analog spec-
trum are each at a different intermediate frequencies (IFs),
allowing both the first MIMO path and the second MIMO
path to be simultaneously communicated across an analog
medium as described below. In some other embodiments, the
at least one DACU 306 converts the digitized signal back to
the original analog frequency provided by the at least one
service provider interface 102. In other embodiments, other
components are included in the hybrid expansion unit 106
that frequency convert at least one band of analog spectrum
output by the DACU 306 into an intermediate frequency for
transport. In other embodiments including additional MIMO
paths or other signals, additional DACU 306 are used, such as
DACU 306-3 and DACU 306-N.

[0048] Each DACU 306 is coupled with the AMU 308.
Each DACU 306 also converts at least one band of analog
spectrum received from the AMU 308 into N-bit words of
digitized spectrum. AMU 308 receives multiple bands of
analog spectrum from multiple DACU 306 and multiplexes
the bands of analog spectrum together into at least one mul-
tiplexed analog signal including multiple bands of analog
spectrum. In some embodiments, there are a plurality of mul-
tiplexed analog signals output from the AMU 308. In some
embodiments, all of the bands of analog spectrum from each
DACU 306 are included on each multiplexed signal output by
AMU 308. In other embodiments, a subset of the bands of
analog spectrum from a plurality of DACU 306 are multi-
plexed onto one signal output on one of the at least one analog
communication link 118, while a different subset of bands of
analog spectrum from a plurality of DACU 306 are multi-
plexed onto another signal output on another of the at least
one analog communication link 118. In other embodiments,
different combinations of bands of analog spectrum from
various DACU 306 are multiplexed onto various analog com-
munication links 118.

[0049] 1In some embodiments, each DACU 306 converts a
band of digitized spectrum to a different analog frequency
from the other DACU 306. Each band of analog spectrum is
pre-assigned to a particular analog frequency. Then, the AMU
308 multiplexes the various pre-assigned analog frequencies
together, in addition to the analog domain reference clock and
any communication, control, or command signals and outputs
them using at least one analog communication link 118. Spe-
cifically, DACU 306-1 converts the first MIMO path between
the first N-bit words of digitized spectrum and a first inter-
mediate frequency (IF). Similarly, DACU 306-2 converts the
second MIMO path between the second N-bit words of digi-
tized spectrum and a second intermediate frequency (IF). The
AMU 308 then multiplexes the first and second MIMO paths
together and outputs them using the analog communication
link 118-1.

[0050] In other embodiments, each DACU 306 converts a
band of analog spectrum to the same analog frequency as the
other DACU 306. Then, the AMU 308 shifts the received
signals into distinct analog frequencies and multiplexes them
together and outputs them using at least one analog commu-
nication link 118. Specifically, DACU 306-1 converts the first
MIMO path between the first N-bit words of digitized spec-
trum and a first analog spectrum. Similarly, DACU 306-2
converts the second MIMO path between the second N-bit
words of digitized spectrum and a second analog spectrum.
The AMU 308 then shifts the first analog spectrum to a first
intermediate frequency (IF) and shifts the second analog
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spectrum to a second intermediate frequency (IF). The AMU
308 multiplexes the first and second intermediate frequencies
together and outputs them using the analog communication
link 118-1.

[0051] In the embodiment shown in FIG. 3, the AMU 308
multiplexes the analog frequencies received from each
DACU 306 onto each analog communication link 118. In
other embodiments, bands of frequency spectrum from cer-
tain DACU 306 are selectively distributed to certain analog
communication links 118. In one example embodiment, ana-
log communication link 118-1 is coupled to analog remote
antenna cluster 108-1 and only a first subset of bands of
analog spectrum are transported using analog communication
link 118-1. Further, analog communication link 118-2 is
coupled to analog remote antenna cluster 108-2 (shown in
FIG. 8 and described below) and only a second subset of
bands of analog spectrum are transported using analog com-
munication link 118-2. In another embodiment, a first subset
of bands of analog spectrum are transported to analog remote
antenna cluster 108-1 using analog communication link
118-1 and a second subset of bands of analog spectrum are
transported to the same analog remote antenna cluster 108-1
using analog communication link 118-2. It is understood that
these examples are not limiting and that other system topolo-
gies, hierarchies, and structures are used in other embodi-
ments.

[0052] Each DMU 304, DACU 306, and AMU 308 is syn-
chronized with the other components of hybrid expansion
unit 106 and system 100 generally. In the example embodi-
ment shown in FIG. 3, DIOU 302-1 receives the data stream
from a master host unit 104 via a digital communication link
114 in an optical format. DIOU 302-1 converts the data
stream from the optical format to an electrical format and
passes the data stream onto the DMU 304. The DMU 304
extracts the digital master reference clock signal from the data
stream itself. Because the data stream was synchronized with
the digital master reference clock signal at the master host
unit 104, it can be recovered from the data stream itself. The
extracted digital master reference clock signal is sent to the
digital expansion clock unit 312. Each DIOU 302 is not
required to be synchronized to the other parts of the hybrid
expansion unit unless it performs some type of function that
requires it to be synchronized. In one embodiment, the DIOU
302 performs the extraction of the digital master reference
clock in which case it would be synchronized to the remainder
of the hybrid expansion unit.

[0053] The digital expansion clock unit 312 receives the
digital master reference clock signal extracted from the data
stream received from the master host unit 104. The digital
expansion clock unit 312 communicates the digital master
reference clock signal to various components of the hybrid
expansion unit 106, including the DMU 304 and each DACU
306. Each DMU 304 and DACU 306 uses the digital master
reference clock signal to synchronize itself with the system
100. In other embodiments, the digital expansion clock unit
312 could receive a copy of the data stream from the DMU
304 and extract the digital master reference clock signal from
the data stream itself. In some embodiments, each DIOU 302
is selectable and configurable, so that one DIOU 302 can be
selected to receive the digital master reference clock signal
and other DIOUs 302 can be used to send the digital master
reference clock signal upstream to other system components,
such as secondary master host units, digital expansion units,
or other hybrid expansion units.
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[0054] 1In addition, the digital expansion clock unit 312
distributes the digital master reference clock signal to the
analog domain reference clock unit 314. The analog domain
reference clock unit 314 in turn generates an analog domain
reference clock signal based on the digital master reference
clock signal. This analog domain reference clock signal is
used to synchronize analog components in the hybrid expan-
sion unit 106, such as analog frequency conversion functions
inthe AMU 308. Inaddition, the AMU multiplexes the analog
domain reference clock signal onto the multiplexed signals
sent on each analog communication link 118 to the at least
one analog remote antenna cluster 108.

[0055] In the embodiment of hybrid expansion unit 106
shown in FIG. 3, the analog domain reference clock unit 314
generates the analog domain reference clock signal by run-
ning the digital master reference clock signal through a phase
locked loop circuit. In some embodiments, the digital master
reference clock signal is approximately 184.32 MHz and the
analog domain reference clock signal is generated as a 30.72
MHz clock based on the 184.32 MHz digital master reference
clock signal. Thus, the 30.72 MHz clock is multiplexed onto
the multiplexed signals sent on each analog communication
link 118 to at least one analog remote antenna cluster 108.
[0056] CPU 310 is used to control each DMU 304 and each
DACU 306. An input/output (I/O) line 318 coupled to CPU
310 is used for network monitoring and maintenance. Typi-
cally, I/O line 318 is an Ethernet port used for external com-
munication with the system. Power supply 316 is used to
power various components within hybrid expansion unit 106.
[0057] Inaddition to performing the analog frequency con-
version functions described above, the AMU 308 couples
power onto the analog communication link 118. This poweris
then supplied through the analog communication link 118 to
the downstream analog remote antenna cluster 108, including
master analog remote antenna unit 402 and slave analog
remote antenna units 404-1 as described below. The power
coupled onto the analog communication link 118 is supplied
from the power supply 316. In the example embodiment
shown, 54 volts DC is received by AMU 308 from the power
supply 316 and is coupled to the analog communication link
118 by AMU 308.

[0058] The hybrid expansion unit 106 shown in FIG. 3
sends and receives digital signals from the upstream and
sends and receives analog signals in the downstream. In other
example hybrid expansion units, both analog and digital sig-
nals can be sent in the downstream across various media. In
one example embodiment a digital downstream output line
(not shown) is connected to the downstream side of the DMU
304 and goes through a DIOU before being output in the
downstream. This digital downstream line does not go
through a DACU 306 or the AMU 308. In other example
embodiments of the hybrid expansion unit 106, various other
combinations of upstream and downstream digital and analog
signals can be aggregated, processed, routed.

[0059] In the embodiments described and depicted in
FIGS. 4-6, the term analog intermediate frequency (IF) spec-
trum is used to describe the analog signals transported in the
analog domain 120 between the hybrid expansion units 106
and the analog remote antenna clusters 108. The term analog
IF spectrum is used to distinguish the signals from the analog
RF spectrum format that is communicated to the service
provider interface and the mobile devices over the air inter-
faces discussed below. Example system 100 uses analog IF
spectrum for transport within the analog domain 120 that is

Ericsson Inc. v. Dali Wireless, Inc.
EX-1013 Page021



US 2012/0177026 Al

lower in frequency than the analog RF spectrum. In other
example embodiments, the RF spectrum can be transmitted at
its native frequency within the analog domain 120 or using an
analog IF spectrum that is higher in frequency than the analog
RF spectrum.

[0060] FIG. 4 is a block diagram of one embodiment of an
analog remote antenna cluster 108 for system 100. Analog
remote antenna cluster 108 includes a master analog remote
antenna unit 402 and a plurality of slave analog remote
antenna units 404-1 through 404-N. In other embodiments,
other configurations are used instead of this master/slave
configuration, such as just a single analog remote antenna unit
connected directly to the hybrid expansion unit.

[0061] In example analog remote antenna cluster 108, the
master analog remote antenna unit 402 is coupled to at least
one analog communication link 118. In the embodiment
shown in FIG. 4, the at least one coaxial cable includes two
coaxial cables. A first coaxial cable is used to transport down-
stream communication from a hybrid expansion unit 106 and
the analog remote antenna cluster 108, including the bands of
downstream analog spectrum associated with the service pro-
viders. A second coaxial cable is used to transport upstream
communication from the analog remote antenna cluster 108
to the hybrid expansion unit 106, including the bands of
upstream analog spectrum associated with the service provid-
ers. The downstream analog spectrum and the upstream ana-
log spectrum are transported on separate coaxial cables in this
example embodiment due to bandwidth limitations of the
coaxial cable being used as media. In other example embodi-
ments, a single analog communication link 118 is used to
transport both the downstream and upstream analog spec-
trum. In other example embodiments, the at least one analog
communication link 118 includes greater than two coaxial
cables in orderto transport even more bands. In other example
embodiments, different media such as twisted pair (i.e.,
unshielded twisted pair (UTP) or screened unshielded twisted
pair (ScTP)), CATV cable, or optical fibers are used to trans-
port the analog signals instead of coaxial cables.

[0062] In example analog remote antenna cluster 108, the
master analog remote antenna unit 402 coordinates the dis-
tribution of various bands of analog RF spectrum to various
slave analog remote antenna units 404 through analog com-
munication links 406. The master analog remote antenna unit
402 is discussed in further detail below. In the example analog
remote antenna cluster 108, each slave analog remote antenna
unit 404-1 through 404-N receive at least one band of analog
RF spectrum from the master analog remote antenna unit 402.
Each slave analog remote antenna unit 404-1 through 404-N
then transmits and receives the at least one band of analog RF
spectrum wirelessly across an air medium using at least one
antenna. The slave analog remote antenna unit 404 is dis-
cussed in further detail below. In one example embodiment,
the first MIMO path and the second MIMO path are both
communicated from the master host unit to at least one of the
slave analog remote antenna units 404, such as slave analog
remote antenna unit 404-1, which in turn communicates the
first and second MIMO paths across air interfaces as dis-
cussed below.

[0063] FIG. 5 is a block diagram of one embodiment of a
master analog remote antenna unit 402 from the analog
remote antenna cluster 108. Master analog remote antenna
unit 402 includes an analog interface unit (AIU) 502, an IF
signal conditioning unit 504, an IF signal distribution unit
506, a master remote reference clock 508, a power supply
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510, and a controller 512. Other example embodiments of
master analog remote antenna unit include greater or fewer
components.

[0064] The at least one analog communication link 118 is
connected to the master analog remote antenna unit 402
through the ATU 502. One of the primary functions of the ATU
is to handle any type of media conversion that may be neces-
sary which in some embodiments may involve impedance
transformation. Specifically, in the example embodiment
shown in FIG. 5, the AIU 502 performs impedance conver-
sion from the 75 ohms of the coaxial cables carrying the
downstream and upstream bands ofanalog spectrum to the 50
ohms used within the master analog remote antenna unit 402.
The AIU 502 also includes a coupler that is used to extract the
DC power received from the hybrid expansion unit 106 across
the at least one analog communication link 118.

[0065] In addition, the analog reference clock signal is
extracted from the signal received from the hybrid expansion
unit 106 across the at least one analog communication link
118. This analog reference clock signal is sent to the master
remote reference clock unit 508. Any control signals received
from the hybrid expansion unit 106 across the at least one
analog communication link 118 are also extracted and sent to
the controller 512.

[0066] Power supply 510 receives DC power from the ATU
502 and then generates the necessary DC power for operation
of the various components onboard the master analog remote
antenna unit 402. Thus, master analog remote antenna unit
402 does not need a separate power source other than the
power that is received across the at least one analog commu-
nication link 118. In the example embodiment shown, a DC
voltage is extracted from the signal received across the at least
one analog communication link 118 by the AIU 502. A mini-
mum of 28 volts DC is then used by the power supply 510 to
generate 5 volts DC and 12 volts DC to power the various
devices in the master analog remote antenna unit. In addition,
the power received across the analog communication link 118
is sent by the power supply 510 to the IF signal distribution
unit 506 where it is coupled onto the analog communication
links 406 that connect to each slave analog remote antenna
unit 404 so that each slave analog remote antenna units 404
can also derive power from the cable instead of having a
separate external power source. Thus, power for both the
master analog remote antenna unit 402 and each slave analog
remote antenna unit 404 is provided by the hybrid expansion
unit 106 through the analog communication links 118 and
406.

[0067] As noted above, the AIU 502 extracts the clock
signal and supplies it to the master remote reference clock
unit 508. The master remote reference clock unit 508 refines
the original clock signal received from the hybrid expansion
unit 106 across the at least one analog communication link
118. In example embodiments, the master remote reference
clock unit 508 processes the clock signal through a phase
locked loop to refine the signal. In this way, noise, distortion,
and other undesirable elements are removed from the refer-
ence clock signal. In other embodiments, the clock signal is
processed through a filter to remove adjacent spurious sig-
nals. The refined signal output from the master remote refer-
ence clock unit 508 is sent to the IF signal distribution unit
506, where it is coupled onto the outputs of the IF signal
distribution unit 506 that are connected to the slave analog
remote antenna units 404. In this way, the master reference
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clock signal is redistributed by the master analog remote
antenna unit 402 to all the slave analog remote antenna units
404.

[0068] IF signal conditioning unit 504 is configured to
remove distortion in the analog IF signals that traverse the
analog communication link 118. In the example master ana-
log remote antenna unit 402 shown in FIG. 5, IF signal con-
ditioning unit 504 performs cable equalization for signals
sent and received across the at least one analog communica-
tion link 118. The at least one analog communication link 118
is generally quite long, causing the gain to vary as a function
of frequency. IF signal conditioning unit 504 adjusts for gain
at various frequencies to equalize the gain profile. IF signal
conditioning unit 504 also performs filtering of the analog IF
signals to remove adjacent interferers or spurious signals
before the signals are propagated further through the system
100.

[0069] Controller 512 receives control signals from the
AIU 502 that are received from hybrid expansion unit 106
across the at least one analog communication link 118. Con-
troller 512 performs control management, monitoring, and
can configure parameters for the various components of the
master analog remote antenna unit 402. In the example master
analog remote antenna unit 402, the controller 512 also drives
the cable equalization algorithm.

[0070] IF signal distribution unit 506 is used to distribute
the signals processed by the IF signal conditioning unit 504 to
various slave analog remote antenna units 404 across analog
communication links 406-1 through 406-N. In the example
embodiment shown in FIG. 5, two bands are sent across each
analog communication link 406 at two different analog IF
frequencies. As noted above, the IF signal distribution unit
506 is also used to couple the DC power, the analog reference
clock, and any other communication signals from the master
analog remote antenna unit 402 onto analog communication
link 406. The IF signal conditioning occurs at the IF signal
conditioning unit 504 before the various analog signals are
distributed at the [F signal distribution unit 506 in the embodi-
ment shown in FIG. 5. In other embodiments, the IF signal
conditioning could be done after the distribution of the analog
signals.

[0071] FIG. 6 is a block diagram of one embodiment of a
slave analog remote antenna unit 404 for the analog remote
antenna unit cluster 108. The slave analog remote antenna
unit 404 includes an analog interface unit (AIU) 602, an IF
signal conditioning unit 604, a splitter/combiner 606, a plu-
rality of IF conditioners 608, a plurality of frequency convert-
ers 610, a plurality of RF conditioners 612, and a plurality of
RF duplexers 614. While the slave analog remote antenna unit
404 is described as a separate component, in some example
embodiments, a slave analog remote antenna unit 404 is inte-
grated with a master analog remote antenna unit 402.

[0072] The AIU 602 is connected to the analog communi-
cation link 406. The ATU 602 includes a coupler that is used
to extract the DC power received from the master analog
remote antenna unit 402 across the analog communication
link 406. The AIU 602 passes the extracted DC power to the
power supply 618. The power supply 618 in turn powers the
various comporents of the slave analog remote antenna unit
404. The ATU 602 also extracts control signals received from
the master analog remote antenna unit 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
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analog remote antenna unit 404. In particular, the control
signals are used by the controller 616 to control the gain in the
IF signal conditioning unit 604. Adjustments may be made
based on temperature changes and other dynamic factors. The
control signals are also used for the configuration of the
subsequent frequency converters 610, IF conditioners 608,
and RF conditioners 612.

[0073] The AIU 602 also extracts the analog reference
clock and sends it to the slave remote reference clock unit
620. In the embodiment shown in FIG. 6, the slave remote
reference clock unit 620 refines the reference clock signal
using a band pass filter. In other embodiments, the reference
clock signal drives a phase locked loop to generate a refined
reference clock signal. The slave remote reference clock unit
620 distributes the refined reference clock signal to the local
oscillator generator 622, which generates local oscillator sig-
nals for the mixers used for frequency conversion. The local
oscillator signals are generated using a phase locked loop. In
the example shown in FIG. 6, the local oscillator generator
622 generates four local oscillator frequencies for each of the
carrier signals of a first and second band. A first local oscil-
lator frequency is used for downlink data in a first band and a
second local oscillator frequency is used for the uplink data in
the first band. A third local oscillator frequency is used for the
downlink data in a second band and a fourth local oscillator
frequency is used for the uplink data in the second band. In
other example embodiments, greater or fewer bands are used
and greater or fewer local oscillator signals are created by the
local oscillator generator 622. For example, some embodi-
ments may require diversity, so that two uplinks are needed
for each downlink and three local oscillators would need to be
generated for each band. In example embodiments, the ATU
602 is also used to impedance convert between the signal
received on the analog communication link 406 and the signal
processed by various components of the slave analog remote
antenna unit 404.

[0074] Various analog spectrum including the first and sec-
ond MIMO paths is received across the analog communica-
tion link 406 by the AIU 602 is passed to the IF signal
conditioning unit 604. The IF signal conditioning unit 604
filters out noise, distortion, and other undesirable elements of
the signal using amplification and filtering techniques. The IF
signal conditioning unit 604 passes the analog spectrum to the
splitter/combiner 606, where the various bands including the
first and second MIMO paths are split out of the signal in the
downlink and combined 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 path is split out and passed to the
IF conditioner 608-2. In the upstream, the first band including
the first MIMO path is received from the IF conditioner 608-
1, the second band including the second MIMO path is
received from the IF conditioner 608-2, and the two upstream
bands are combined by the splitter/combiner 606.

[0075] Inthe downstream for the first band having the first
MIMO path, IF conditioner 608-1 passes the IF signal having
the first MIMO path to the frequency converter 610-1. The
frequency converter 610-1 receives a downstream mixing
frequency for the first band having the first MIMO path from
local oscillator generator 622. The frequency converter 610-1
uses the downstream mixing frequency for the first band
having the first MIMO path to convert the downstream IF
signal for the first band having the first MIMO path to a
downstream RF signal. The downstream RF signal for the
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first band having the first MIMO path is passed onto the RF
conditioner 612-1, which performs RF gain adjustment and
filtering on the downstream RF signal for the first band having
the first MIMO path. The RF conditioner 612-1 passes the
downstream RF signal for the first band having the first
MIMO path to the RF duplexer 614-1, where the downstream
RF signal for the first band having the first MIMO path is
combined onto the same medium with an upstream RF signal
for the first band having the first MIMO path. The first band
having the first MIMO path is transmitted and received across
an air medium using a first antenna 624-1 while the second
band having the second MIMO path is transmitted and
received across an air medium using a second antenna 624-2.
In other embodiments, greater amounts of antennas are used.
In some embodiments, the downstream signals are transmit-
ted from one antenna and the upstream signals are received
from another antenna. In embodiments with these types of
alternative antenna configurations, the requirements and
design of the RF duplexers 614 will vary to meet the require-
ments of the antenna configuration.

[0076] In the downstream for the second band having the
second MIMO path, IF conditioner 608-2 passes the IF signal
for the second band having the second MIMO path to the
frequency converter 610-2. The frequency converter 610-2
receives a downstream mixing frequency for the second band
having the second MIMO path from local oscillator generator
622. The frequency converter 610-2 uses the downstream
mixing frequency for the second band having the second
MIMO path to convert the downstream IF signal for the
second band having the second MIMO path to a downstream
RF signal. The downstream RF signal for the second band
having the second MIMO path is passed onto the RF condi-
tioner 612-2, which performs more RF adjustment and filter-
ing on the downstream RF signal for the second band having
the second MIMO path. The RF conditioner 612-2 passes the
downstream RF signal for the second band having the second
MIMO path to the RF duplexer 614-2, where the downstream
RF signal for the second band having the second MIMO path
is combined onto the same medium with an upstream RF
signal for the second band having the second MIMO path. As
described above, the first band having the first MIMO path is
transmitted and received across an air medium using a first
antenna 624-1 while the second band having the second
MIMO path is transmitted and received across an air medium
using a second antenna 624-2.

[0077] Inthe upstream, the first antenna 624-1 receives the
RF signal for the first band having the first MIMO path. The
upstream RF signal for the first band having the first MIMO
path is then passed from the first antenna 624-1 to the RF
duplexer 614-1, where the upstream RF signal and the down-
stream RF signal for the first band having the first MIMO path
are separated onto different signal lines. The upstream RF
signal for the first band having the first MIMO path is then
passed to the RF conditioner 612-1, which performs gain
adjustment and filtering on the upstream RF signal for the first
band having the first MIMO path. Finally, the upstream RF
signal for the first band having the first MIMO path is passed
to frequency converter 610-1, which frequency converts the
upstream RF signal for the first band having the first MIMO
path into an upstream IF signal for the first band having the
first MIMO path using an upstream mixing frequency gener-
ated by the local oscillator generator 622.

[0078] 1Inthe upstream, the second antenna 624-2 receives
the RF signal for the second band having the second MIMO
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signal. The upstream RF signal for the second band having the
second MIMO signal is then passed from the second antenna
624-2 to the RF duplexer 614-2, where the upstream RF
signal and the downstream RF signal for the second band
having the second MIMO signal are separated onto different
signal lines. The upstream RF signal for the second band
having the second MIMO signal is then passed to the RF
conditioner 612-2, which performs gain adjustment and fil-
tering on the upstream RF signal for the second band having
the second MIMO signal. Finally, the upstream RF signal for
the second band having the second MIMO signal is passed to
frequency converter 610-2, which frequency converts the
upstream RF signal for the second band having the second
MIMO signal into an upstream IF signal for the second band
having the second MIMO signal using an upstream mixing
frequency generated by the local oscillator generator 622.
[0079] In embodiments where the functions of the master
analog remote antenna unit 402 and the slave analog remote
antennaunit 404-1 are integrated into the same physical pack-
age, as depicted in FIG. 4, some of the redundant functions in
the master analog remote antenna unit 402 and the slave
analog remote antenna unit 404-1 may be removed. For
example, the two units may share the same controller and
power 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] FIG. 7 is a block diagram of one embodiment of
optional digital expansion unit 110 of system 700. Optional
digital expansion unit 110 includes at least one digital input-
output unit (DIOU) 702, at least one digital multiplexing unit
(DMU) 704, at least one digital input-output unit (DIOU)
706, at least one central processing unit (CPU) 708, at least
one digital expansion clock unit 710, and at least one power
supply 712. Tt is understood that the DMU 704 performs both
multiplexing and demultiplexing functionality between the
various upstream and downstream connections.

[0081] The optional digital expansion unit 110 communi-
cates N-bit words of digitized spectrum between a master host
unit 104 and at least one hybrid expansion unit 106. Each
DIOU 702 (DIOU 702-1 through DIOU 702-N) of the digital
expansion unit 110 operates to convert between optical sig-
nals received across a digital expansion communication link
126 and electrical signals processed within the digital expan-
sion unit 110. In the downstream, the converted signals are
passed from each DIOU 702 to the DMU 704, where they are
multiplexed together and output to at least one DIOU 706
which converts the electrical signals to optical signals and
outputs the optical signals to at least one hybrid expansion
unit or another digital expansion unit for further distribution.
In the upstream, each DIOU 706 converts optical signals
received from a downstream hybrid expansion unit or digital
expansion unit into electrical signals, which are passed onto
the DMU 704. The DMU 704 takes the upstream signals and
multiplexes them together and outputs them to at least one
DIOU 702, which converts the electrical signals into optical
signals and sends the optical signals across a digital expan-
sion communication link 114 toward the master host unit. In
other embodiments, multiple digital expansion units are daisy
chained for expansion in the digital domain.

[0082] In the example embodiment shown in FIG. 7, the
CPU 708 is used to control each DMU 704. An input/output
(I/O) line 714 coupled to CPU 708 is used for network moni-
toring and maintenance. Typically, I/O line 714 is an Ethernet
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port used for external communication with the system. The
DMU 704 extracts the digital master reference clock signal
from any one digital data stream received at any one of the
DIOU 702 and DIOU 706 and sends the digital master refer-
ence clock signal to the digital expansion clock unit 710. The
digital expansion clock unit 710 then provides the digital
master reference clock signal to other functions in the DMU
that require a clock signal. Power supply 712 is used to power
various components within digital expansion unit 110.

[0083] Some embodiments of system 100 including
optional digital expansion unit 110, as in FIG. 1, further
include additional service provider interfaces, such as
optional service provider interface 102-3 and 102-4, and
additional master host units, such as optional master host unit
104-2. In one example embodiment, additional master host
unit 104-2 is connected to service provider interface 102-3
through analog communication link 112-3 and connected to
service provider interface 102-4 through analog communica-
tion link 112-4.

[0084] Optional digital expansion unit 110 is then con-
nected to master host unit 104-1 through digital communica-
tion link 114-3 and also connected to the master host unit
104-2 through digital communication link 114-4. In addition,
optional digital expansion unit 110 includes DIOU 702-1 and
DIOU 702-2 as shown in FIG. 7. DIOU 702-1 is coupled with
digital communication link 114-2 and DIOU 702-2 is coupled
with digital communication link 114-4 and connected to the
additional master host unit 104-2. DIOU 702-1 and DIOU
702-2 are coupled to DMU 704, which multiplexes and
demultiplexes upstream and downstream signals together
allowing various bands to be distributed from master host unit
104-1 and master host unit 104-2 through the analog remote
antenna clusters 108 and the digital remote antenna units 122.
Other example systems include greater or fewer service pro-
vider interfaces 102, master host units 104, hybrid expansion
units 106, analog remote antenna clusters 108, digital remote
antenna units 122, and digital expansion units 110.

[0085] FIG. 8 is ablock diagram of another embodiment of
a system 800 for providing wireless coverage into a substan-
tially enclosed environment. The system 800 includes many
of the same components as system 100, including the master
host unit 104-1, the hybrid expansion unit 106-1, and the
analog remote antenna cluster 108-1. As with system 100,
example system 800 is also connected to both service pro-
vider interface 102-1 and service provider interface 102-2.
Example system 800 differs from example system 100
because it includes digital remote antenna unit 122-1 (de-
scribed in detail below).

[0086] FIG. 9 is a block diagram of one embodiment of a
digital remote antenna unit 122, such as digital remote
antenna unit 122-1 of system 800. Digital remote antenna unit
122 includes at least one digital input-output unit (DIOU)
902, at least one digital multiplexing unit (DMU) 904, a first
RF module 906-1 and a second RF module 906-2, at least one
central processing unit (CPU) 908, at least one digital remote
clock unit (DRCU) 910, and at least one power supply 912. In
some embodiments, at least one digital input-output unit
(DIOU) 914 is used to facilitate a digital output line 916. The
digital output line 916 allows daisy-chaining multiple digital
remote antenna units 122 together. The digital output line 916
of one digital remote antenna unit 122 can be coupled to the
input of a DIOU 902 of another digital remote antenna unit
122. The digital output line 916 will be described in further
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detail below with regards to embodiments having daisy-
chained digital remote antenna units 122.

[0087] Each digital remote antenna unit 122 communicates
a third MIMO path and a fourth MIMO path with a master
host unit 104 in the form of a time-multiplexed digital data
stream containing N-bit words of digitized spectrum for the
third MIMO path and the fourth MIMO path. The time-
multiplexed digital data stream is received at the at least one
DIOU 902 through at least one digital communication link
114. In the embodiment shown in FIG. 9, only one DIOU
902-1 is necessary if the digital remote antenna unit 122 is
only coupled with a single upstream master host unit 104 (or
single upstream digital expansion unit 110 as described
above). DIOU 902-1 receives the time-multiplexed digital
data stream from a master host unit 104 via a digital commu-
nication link 114 in an optical format. DIOU 902-1 converts
the time-multiplexed digital data stream from the optical for-
mat to an electrical format and passes the time-multiplexed
digital data stream onto the DMU 904. DIOU 902-2 through
DIOU 902-N are optional. For example, in other embodi-
ments, digital remote antenna unit 122 has multiple DIOUs
902 (DIOU 902-1 through DIOU 902-N) and is connected to
multiple upstream master host units 104 or digital expansion
units 110 through digital communication links 114. In other
embodiments, digital remote antenna unit 122 is connected to
digital expansion units 110 through DIOU 902. In some
embodiments including multiple upstream connections, the
digital remote antenna unit 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-multiplexed digital data stream containing
N-bit words of digitized spectrum representing the third and
fourth MIMO paths to the DMU 904. In some embodiments,
the first and third MIMO paths contain identical N-bit words
of digitized spectrum in the downstream and the N-bit words
of digitized spectrum in the first and third MIMO paths are
combined at a master host unit 104 in the upstream. Similarly,
in some embodiments, the second and fourth MIMO paths
contain identical N-bit words of digitized spectrum in the
downstream and the N-bit words of digitized spectrum in the
second and fourth MIMO paths are combined at a master host
unit 104 in the upstream. The DMU 904 demultiplexes N-bit
words of digitized spectrum received from the at least one
DIOU 902. The DMU 904 sends N-bit words of digitized
spectrum representing the third MIMO path across commu-
nication link 918-1 to RF module 906-1. The DMU 904
further sends N-bit words of digitized spectrum representing
the fourth MIMO path across communication link 918-2 to
RF module 906-2. An exemplary RF module is described in
further detail with reference to FIG. 10 below. Each RF mod-
ule 906 is also coupled to the digital remote clock unit 910 by
acommunication link 922, such as communication link 922-1
coupling RF module 906-1 with the digital remote clock unit
910 and communication link 922-2 coupling RF module
906-2 with the digital remote clock unit 910.

[0089] The DMU 904 extracts the digital master reference
clock signal from the data stream itself. Because the data
stream was synchronized with the digital master reference
clock signal ata master host unit 104, it can be recovered from
the data stream itself. The extracted digital master reference
clock signal is sent to the digital remote clock unit 910. The
digital remote clock unit 910 receives the digital master ref-
erence clock signal extracted from the data stream received
from a master host unit 104. The digital remote clock unit 910
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communicates the digital master reference clock signal to
various components of the digital remote antenna unit 122,
including the DMU 904 and each RF module 906. Each DMU
904 uses the digital master reference clock signal to synchro-
nize itself with the system 100. Each RF module receives the
digital master reference clock signal from the digital remote
clock unit 910 across a communication link 922 (i.e., com-
munication link 922-1, communication link 922-2, and com-
munication link 922-N). While each communication link 918
and communications link 922 are shown as separate lines in
FIG. 7, in some embodiments a single multi-conductor cable
is connected between the DMU 904 and each RF module 906.
This multi-conductor cable includes both the communication
link 918 and communications link 922 and carries the clock
signals, data signals, control/management signals, etc.

[0090] Insomeembodiments, each DIOU 902 is selectable
and configurable, so that one DIOU 902 can be selected to
receive the digital master reference clock signal and other
DIOUs 902 can be used to send the digital master reference
clock signal upstream to other system components, such as
secondary master host units, digital expansion units, hybrid
expansion units, or other digital remote antenna units. Each
DIOU902 is not required to be synchronized to the other parts
of the digital remote antenna unit 122 unless it performs some
type of function that requires it to be synchronized. In one
embodiment, the DIOU 902 performs the extraction of the
digital master reference clock in which case it would be
synchronized to the remainder of the hybrid expansion unit.

[0091] In the downstream, each RF module 906 receives
N-bit words of digitized spectrum and outputs an RF signal
that is transmitted across an air medium using at least one
respective antenna 920. In the upstream, each RF module 906
receives RF signals received across an air medinm using the at
least one respective antenna 920 and outputs N-bit words of
digitized spectrum to the DMU 904. In the digital remote
antenna unit 122 shown in FIG. 9, RF module 906-1 converts
between N-bit words of digitized spectrum and RF signals for
the first MIMO path. Similarly, RF module 906-2 converts
between N-bit words of digitized spectrum and RF signals for
the second MIMO path. In other embodiments, at least one
RF module 906 converts between N-bit words of digitized
spectrum and RF signals for multiple bands. A different
antenna element is used for each signal path in some example
embodiments having multiple bands, such as embodiments
having diversity channels or multiple signal branches used for
smart antennas where signals overlap spectrally. In the digital
remote antenna unit 122 shown in FIG. 9, each RF module
906 is connected to a separate respective antenna 920.

[0092] As noted above, some embodiments of digital
remote antenna unit 122 include at least one DIOU 914 and at
least one digital output line 916 that allow daisy-chaining
multiple digital remote antenna units 122 together. In
example embodiments, DIOU 914 is coupled to digital mul-
tiplexing unit 904. In the downstream, DIOU 914 converts the
data stream coming from the DMU 904 from an electrical
format to an optical format and outputs the data stream across
digital output line 916. In the upstream, DIOU 914 converts
the data stream coming across digital output line 916 from an
optical format to an electrical format and passes the data
stream onto the DMU 904. Thus, as described below, a plu-
rality of digital remote antenna units 122 can be daisy-
chained together using the digital output line 916 on at least
one digital remote antenna unit 122.
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[0093] CPU 908 is used to control each DMU 904 and each
RF module 906. While the links between the CPU 908 and the
DMU 904 and each RF module 906 are shown as separate
links from the communication links 918 and the communica-
tions lirks 920, it can be part of a multi-conductor cable as
described above. An input/output (/O) line 924 coupled to
CPU 908 is used for network monitoring and maintenance.
Typically, I/O line 924 is an Ethernet port used for external
communication with the system. Power supply 912 is used to
power various components within digital remote antenna unit
122.

[0094] FIG. 10 is a block diagram of one embodiment of a
RF module 906 for digital remote antenna unit 122. The RF
module 906 includes a digital-analog conversion unit
(DACU) 1002, an TF conditioner 1004, a frequency converter
1006, a RF conditioner 1008, a RF duplexer 1010, a RF
module clock unit, a local oscillator generator 1014, and a
controller 1016. While the RF module 906 is described as a
separate component, in some example embodiments, some or
all of the components included in RF module 906 are inte-
grated directly in digital remote antenna unit 122. In other
embodiments, other components are used to perform the
same or similar functions to the components of RF module
906 described below.

[0095] The DACU 1002 is connected to a communication
link 918, where it communicates N-bit words of digitized
spectrum with the DMU 904. The DACU 1002 is also con-
nected to the 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 antenna unit 122 across a
communication link 922. In other embodiments, DACU 1002
can also communicate to or from other components of the
digital remote antenna unit 122. The DACU 1002 converts
between the N-bit words of digitized spectrum and an analog
intermediate frequency (IF) spectrum using the digital master
reference clock signal. In the downstream, the analog inter-
mediate frequency (IF) is passed through the IF conditioner
1004 that filters, amplifies, and attenuates the IF spectrum
prior to frequency up-conversion. In the upstream, the analog
intermediate frequency (IF) is passed through the [F condi-
tioner 1004 that filters, amplifies, and attenuates the IF spec-
trum prior to analog to digital conversion by the DACU 1002.
[0096] The RF module clock unit 1012 receives the digital
master reference clock signal across the communication link
922 and distributes the signal to the DACU 1002. The RF
module clock unit 1012 also generates an analog domain
reference clock signal based on the digital master reference
clock signal. This analog domain reference clock signal is
used to synchronize analog components in the RF module
906. In the embodiment of RF module 906 shown in FIG. 10,
the RF module clock unit 1012 generates the analog domain
reference clock signal by running the digital master reference
clock signal through a phase locked loop circuit. The gener-
ated analog domain reference clock signal is then passed onto
the local oscillator generator 1014. In some embodiments, the
digital master reference clock signal is approximately 184.32
MHz and the analog domain reference clock signal is gener-
ated as a 30.72 MHz clock based on the 184.32 MHz digital
master reference clock signal. Thus, the 30.72 MHz clock is
sent to the local oscillator generator 1014.

[0097] The frequency converter 1006 converts between IF
spectrum and RF spectrum. The frequency converter 1006 is
connected to the local oscillator generator 1014. The local
oscillator generator 1014 receives the analog domain refer-
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ence clock from the RF module clock unit 1012. In example
embodiments, the analog domain reference clock signal is
first refined using a band pass filter or other appropriate filter.
In other embodiments, the analog domain reference clock
signal drives a phase locked loop to generate a refined refer-
ence clock signal. In the example shown in FIG. 10, the local
oscillator generator 1024 generates two local oscillator fre-
quencies for each of the carrier signals of the band serviced by
the RF module 906. A first local oscillator frequency is used
for downlink data and a second local oscillator frequency is
used for the uplink data. While the RF module 906 is
described as only servicing a single band, other embodiments
include greater numbers of bands where greater numbers of
oscillator signals are created by the local oscillator generator
1014. For example, some embodiments may require diversity,
so that two uplinks are needed for each downlink and three
local oscillators would need to be generated for each band.
[0098] The frequency converter 1006 uses the downstream
mixing frequency to convert the downstream IF signal to a
downstream RF signal. The downstream RF signal is passed
onto the RF conditioner 1008, which performs RF gain
adjustment and filtering on the downstream RF signal. The
RF conditioner 1008 passes the downstream RF signal to the
RF duplexer 1010, where the downstream RF signal is com-
bined onto the same medium with the upstream RF signal. In
example RF module 906, the RF signals are transmitted and
received across an air medium using a single antenna 920.
[0099] Inthe upstream, antenna 920 receives the RF signal
and passes it onto the RF duplexer 1010, where the upstream
RF and downstream RF signals are separated onto different
signal lines. The upstream RF signal is then passed to the RF
conditioner 1008, which performs gain adjustment and filter-
ing on the upstream RF signal. Finally, the upstream RF
signal is passed to frequency converter 1006, which fre-
quency converts the upstream RF signal into an upstream IF
signal using the upstream mixing frequency generated by the
local oscillator generator 1014.

[0100] Each RF module 906 of example digital remote
antenna unit 122 uses a separate antenna 920. In other
embodiments, RF diplexers are implemented downstream of
multiple RF modules 906, thereby allowing multiple RF
bands to use a single antenna. In other embodiments, multiple
antennas are used for each RF module 906. For example, in
other embodiments, the downstream signals are transmitted
from one antenna and the upstream signals are received from
another antenna. In embodiments with these type of alterna-
tive antenna configurations, the requirements and design of
the RF duplexers and any necessary RF diplexers will vary to
meet the requirements of the antenna configuration.

[0101] While the frequency conversion described above is
atwo step process between digital and an IF analog signal and
then between the IF analog signal and an RF analog signal, in
other embodiments, a direct conversion occurs between the
digital signals received on communication link 918 and the
RF signals output across antenna 920. In such embodiments,
the functionality of the DACU 1002, the IF conditioner 1004,
and frequency converter 1006 may be combined or replaced
with other appropriate components.

[0102] The controller 1016 uses control and management
signals received over a communication link 1018 to control
and manage various components of the RF module 906. In
particular, the control and management signals are used by
the controller 1016 to control and manage the gain in the IF
conditioner 1004. Adjustments may be made based on tem-
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perature changes and other dynamic factors. While commu-
nication link 1018 is shown as a separate communication link,
in some embodiments the communication link 1018 is com-
bined with the communication link 918 using a multi-con-
ductor cable as described above with reference to FIG. 9. In
such embodiments, the multi-conductor cable couples the
digital multiplexing unit 904 with each RF module 906 and
the control and management messages are communicated
over a pair of conductors in this cable. In other example
embodiments, the multi-conductor cable is a generic commu-
nication link that combines the communication link 918, the
communication link 1018, and the communication link 922
into a single cable that interfaces each RF module 906 with
the digital multiplexing unit 904. The control signals are also
used for the configuration of the subsequent frequency con-
verter 1006 and RF conditioner 1008. In example RF module
906, all of the components of RF module 906 are powered by
the power supply 912 of the digital remote antenna unit 122.
In other embodiments, a separate power supply is included in
each RF module 906 and is used to power the various com-
ponents of RF module 906. In other embodiments, signal line
power extraction is used to supply power to the RF module
906.

[0103] As discussed above with reference to the digital
remote antenna unit 122 shown in FIG. 9, a first RF module
906-1 is used for the first MIMO path and a second RF
module 906-2 is used for the second MIMO path. In other
embodiments, there are additional MIMO paths and/or addi-
tional bands and thusly additional RF modules.

[0104] FIG. 11 is a block diagram of another embodiment
of a system 1100 for providing wireless coverage into a sub-
stantially enclosed environment. System 1100 shows a more
complicated topology where the systems and methods
described herein are applied. The system 1100 includes some
of the same components as system 800, including a master
host unit 104-1, a hybrid expansion unit 106-1, an analog
remote antenna cluster 108-1, and a digital remote antenna
unit 122-1. The system 1100 also communicates a first
MIMO path with a first service provider interface 102-1 and
asecond MIMO path with a second service provider interface
102-2. The differences between system 800 and system 1100
are that system 1100 includes additional analog remote
antenna clusters 108-2, 108-3, and 108-4, hybrid expansion
unit 106-2, digital expansion unit 110, digital remote antenna
units 122-2, 122-3, and 122-4, service provider interfaces
102-3 and 102-4, and master host unit 104-2.

[0105] Analog remote antenna cluster 108-1 is connected
to hybrid expansion unit 106-1 through analog communica-
tion link 118-1 and analog remote antenna cluster 108-2 is
connected to hybrid expansion unit 106-1 through analog
communication link 118-2. Hybrid expansion unit 106-2 is
connected to master host unit 104-1 through digital commu-
nication link 114-2. Analog remote antenna cluster 108-3 is
connected to hybrid expansion unit 106-2 through analog
communication link 118-3 and analog remote antenna cluster
108-4 is connected to hybrid expansion unit 106-2 through
analog communication link 118-4.

[0106] As in system 800, digital remote antenna unit 122-1
is connected to master host unit 104-1 through digital com-
munication link 114-5. Digital remote antenna unit 122-2 is
daisy-chain connected to digital remote antenna unit 122-1
through digital remote antenna unit connection link 124-1.
[0107] Digital expansion unit 110 is connected to master
host unit 104-1 through digital communication link 114-3.
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Digital expansion unit 110 is also connected to master host
unit 104-2 through digital communication link 114-4. Master
host unit 104-2 is connected to service provider interface
102-3 through analog communication interface 112-3 and is
connected to service provider interface 102-4 through analog
communication interface 112-4. Digital remote antenna unit
122-3 is connected to digital expansion unit 110 through
digital expansion communication link 126-1. Digital remote
antenna unit 122-4 is daisy-chain connected to digital remote
antenna unit 122-3 by digital remote antenna unit connection
link 124-2.

[0108] Inthe embodiments of the systems described above,
the various components, including master host unit(s) 104,
hybrid expansion unit(s) 106, analog remote antenna cluster
(s) 108, digital remote unit(s) 122, and digital expansion
unit(s) 110, are shown as separate components. In some other
example embodiments, some of these components can be
combined into the same physical housing or structure and/or
functionality can be ported from one component to another.
[0109] FIG. 12 shows an exemplary embodiment of a
method flow diagram for a method of communicating mul-
tiple-input multiple-output (MIMO) signals through a hybrid
distributed antenna system, labeled method 1200. The
method 1200 begins at block 1202, where first wireless spec-
trum is converted between first bands of analog spectrum and
afirst set of N-bit words of digitized spectrum at a first master
host unit, such as master host unit 104 described above. At
block 1204, second wireless spectrum is converted between
second bands of analog spectrum and a second set of N-bit
words of digitized spectrum at the first master host unit. At
block 1206, the first and second sets of N-bit words of digi-
tized spectrum are transported on a digital medium between
the first master host unit and a first hybrid expansion unit,
such as hybrid expansion unit 106-1.

[0110] At block 1208, the first wireless spectrum is con-
verted between a first set of N-bit words of digitized spectrum
and a third set of bands of analog spectrum at the first hybrid
expansion unit. At block 1210, the second wireless spectrum
is converted between a second set of N-bit words of digitized
spectrum and a fourth set of bands of analog spectrum at the
firsthybrid expansion unit. At block 1212, the third and fourth
sets of bands of analog spectrum are transported on an analog
medium between the first hybrid expansion unit and a first
analog remote antenna unit/cluster, such as analog remote
antenna unit 404-1 or analog remote antenna cluster 108-1
described in detail above with reference to FIG. 4.

[0111] Atoptional block 1214, the first wireless spectrum is
converted between the third set of bands of analog spectrum
and a fifth set of bands of analog spectrum at the first analog
remote antenna unit/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 the first analog remote antenna unit/cluster.
[0112] At block 1218, the first wireless spectrum is com-
municated over a first air interface at the first analog remote
antenna unit/cluster. At block 1220, the second wireless spec-
trum is communicated over a second air interface at the first
analog remote antenna unit/cluster.

[0113] FIG. 13 shows an exemplary embodiment of a
method flow diagram for a method of communicating mul-
tiple-input multiple-output (MIMO) signals through a hybrid
distributed antenna system having a digital remote unit,
labeled method 1300. The method 1300 begins at block 1302,
where first wireless spectrum is converted between first bands
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of analog spectrum and a third set of N-bit words of digitized
spectrum at a first master host unit, such as master host unit
104 described above. At block 1304, second wireless spec-
trum is converted between second bands of analog spectrum
and a fourth set of N-bit words of digitized spectrum at the
first master host unit. At block 1306, the first and second sets
of N-bit words of digitized spectrum are transported on a
digital medium between the first master host unit and a first
digital remote antenna unit, such as digital remote antenna
unit 122-1.

[0114] At block 1308, the first wireless spectrum is con-
verted between a third set of N-bit words of digitized spec-
trum and a fifth set of bands of analog spectrum at the first
digital remote antenna unit. At block 1310, the second wire-
less spectrum is converted between a fourth set of N-bit words
of digitized spectrum and a sixth set of bands of analog
spectrum at the first digital remote antenna unit. At block
1312, third wireless spectrum is communicated over a third
air interface at the first digital remote antenna unit. At block
1314, fourth wireless spectrum is communicated over a
fourth air interface at the first digital remote antenna unit.
[0115] In some embodiments, method 1200 and method
1300 are combined into one method of communicating
MIMO signals through a hybrid distributed antenna system,
having both digital and analog remote units. In some of these
embodiments, the first set of N-bit words is the same as the
third set of N-bit words in the downstream and the second set
of N-bit words is the same as the fourth set of N-bit words in
the downstream. In addition, in some of these embodiments,
the first set of N-bit words and the third set of N-bit words are
combined in the upstream before being sent to the first service
provider interface. Likewise, in some of these embodiments,
the second set of N-bit words and the fourth set of N-bit words
are combined in the upstream before being sent to the second
service provider interface.

[0116] FIG. 14 shows an exemplary embodiment of a
method flow diagram for a method of converting and trans-
porting multiple-input multiple-output (MIMO) signals at a
hybrid expansion unit in a distributed antenna system, labeled
method 1400. The method 1400 begins at block 1402, where
first and second sets of N-bit words of digitized spectrum are
transported with an upstream device. At block 1404, first and
second sets of bands of analog spectrum are simultaneously
transported witha downstream device. At block 1406, the first
set of N-bit words of digitized spectrum are converted to and
from the first set of bands of analog spectrum. At block 1408,
the second set of N-bit words of digitized spectrum are con-
verted to and from the second set of bands of analog spectrum.

What is claimed is:

1. A communication system, comprising:

a first master host unit adapted to communicate first wire-
less spectrum with a first service provider interface using
a first set of bands of analog spectrum, the first master
host unit further adapted to communicate second wire-
less spectrum with a second service provider interface
using a second set of bands of analog spectrum;

a plurality of digital communication links coupled to the
first master host unit, wherein the first master host unit is
further adapted to communicate a first digitized spec-
trum in first N-bit words over the plurality of digital
communication links, wherein the first master host unit
is further adapted to communicate a second 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 of bands of analog spectrum
and the first N-bit words of digitized spectrum;

wherein the first master host unit is further adapted to
convert between the second set of bands of analog spec-
trum and the second N-bit words of digitized spectrum;

a first hybrid expansion unit communicatively coupled to
the first master host unit by a first digital communication
link of the plurality of digital communication links and
adapted to communicate the first N-bit words of digi-
tized spectrum and the second N-bit words of digitized
spectrum with the first master host unit across the first
digital communication link, the first hybrid expansion
unit further adapted to convert between the first N-bit
words of digitized spectrum and a third set of bands of
analog spectrum, the first hybrid expansion unit further
adapted to convert between the second N-bit words of
digitized spectrum and a fourth set of bands of analog
spectrum;

a first analog communication link coupled to the first
hybrid expansion unit, wherein the first hybrid expan-
sion unit is further adapted to communicate the third set
of bands of analog spectrum and the fourth set of bands
of analog spectrum across the first analog communica-
tion link; and

first analog remote antenna unit communicatively

coupled to the first hybrid expansion unit by the first

analog communication link and adapted to communi-
cate the third set of bands of analog spectrum and the
fourth set of bands of analog spectrum with the first
hybrid expansion unit across the first analog communi-
cation link, the first analog remote antenna unit further
adapted to communicate first wireless signals over a first
air interface using a first antenna, and the first analog
remote antenna unit further adapted to communicate
second wireless signals over a second air interface using
a second antenna.

2. The system of claim 1, wherein the first wireless signals
are associated with the first set of bands of analog spectrum
and the second wireless signals are associated with the second
set of bands of analog spectrum.

3. The system of claim 1, wherein the third set of bands of
analog spectrum occupy a first frequency range and the fourth
set of bands of analog spectrum occupy a second frequency
range.

4. The system of claim 3, wherein the first frequency range
and the second frequency range do not overlap.

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

amaster analog remote antenna unit adapted to communi-
cate the third set of bands of analog spectrum and the
fourth set of bands of analog spectrum with the first
hybrid expansion unit across the first analog communi-
cation link; and

wherein the master analog remote antenna unit distributes
the third set of bands of analog spectrum and the fourth
set of bands of analog spectrum to the first analog remote
antenna unit.

6. The system of claim 1, wherein the master analog remote

antenna unit is the same as the first analog remote antenna
unit.
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7. The system of claim 1, wherein the first service provider
interface and the second service provider interface are mul-
tiple-input multiple-output interfaces.

8. The system of claim 1, wherein the first wireless spec-
trum and the second wireless spectrum comprise related mul-
tiple-input multiple-output signals.

9. The system of claim 1, wherein the first N-bit words of
digitized spectrum and the second N-bit words of digitized
spectrum are communicated as a time multiplexed data
stream between the first master host unit and the first hybrid
expansion unit.

10. The system of claim 1, further comprising:

a first digital remote antenna unit communicatively
coupled to the first master host unit by a second digital
communication link of the plurality of digital commu-
nication links and adapted to communicate third N-bit
words of digitized spectrum and fourth N-bit words of
digitized spectrum with the first master host unit across
the second digital communication link, the first digital
remote antenna unit is further adapted to communicate
third wireless signals over a third air interface using a
third antenna, and the first digital remote antenna unit is
further adapted to communicate fourth wireless signals
over a fourth air interface using a fourth antenna;

wherein the first master host unit is further adapted to
convert between the first set of bands of analog spectrum
and the third N-bit words of digitized spectrum; and

wherein the first master host unit is further adapted to
convert between the first set of bands of analog spectrum
and the fourth N-bit words of digitized spectrum.

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

wherein the second N-bit words of digitized spectrum
equal the fourth N-bit words of digitized spectrum in the
downstream.

12. The system of claim 10, wherein the third wireless
signals are associated with the first set of bands of analog
spectrum and the fourth wireless signals are associated with
the second set of bands of analog spectrum.

13. The system of claim 10, wherein the third N-bit words
of digitized spectrum and the fourth N-bit words of digitized
spectrum are communicated as a time multiplexed data
stream between the first master host unit and the first digital
remote unit.

14. A method comprising:

converting first wireless spectrum between a first set of
bands of analog spectrum and first N-bit words of digi-
tized spectrum at a first master host unit;

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

transporting the first N-bit words of digitized spectrum and
the second N-bit words of digitized spectrum on a first
digital medium between the first master host unit and a
first hybrid expansion unit;

converting first wireless spectrum between the first N-bit
words of digitized spectrum and a third set of bands of
analog spectrum at the first hybrid expansion unit;

converting second wireless spectrum between the second
N-bit words of digitized spectrum and a fourth set of
bands of analog spectrum at the first hybrid expansion
unit; transporting the third set of bands of analog spec-
trum and the fourth set of bands of analog spectrum on a
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first analog medium between the first hybrid expansion
unit and a first analog remote antenna unit;

communicating first wireless spectrum over a first air inter-
face at the first analog remote antenna unit using a first
antenna; and

communicating second wireless spectrum over a second

air interface at the first analog remote antenna unit using
a second antenna.
15. The method of claim 14, wherein the first wireless
signals are associated with the first set of bands of analog
spectrum and the second wireless signals are associated with
the second set of bands of analog spectrum.
16. The method of claim 14, wherein the third set of bands
of analog spectrum occupy a first frequency range and the
fourth set of bands of analog spectrum occupy a second
frequency range.
17. The method of claim 16, wherein the first frequency
range and the second frequency range do not overlap.
18. The method of claim 17, wherein the first frequency
range and the second frequency range are intermediate fre-
quencies.
19. The method of claim 14, wherein the first wireless
spectrum is communicated as a fifth band of analog spectrum
and wherein the second wireless spectrum is communicated
as a sixth band of analog spectrum.
20. The method of claim 19, wherein the fifth band of
analog spectrum is equivalent to the first band of analog
spectrum and wherein the sixth band of analog spectrum is
equivalent to the second band of analog spectrum.
21. The method of claim 14, wherein the first wireless
spectrum and the second wireless spectrum comprise mul-
tiple-input multiple-output signals.
22. The method of claim 14, wherein the first N-bit words
of digitized spectrum and the second N-bit words of digitized
spectrum are communicated as a time multiplexed data
stream between the first master host unit and the first hybrid
expansion unit.
23. The method of claim 14, further comprising:
converting the first wireless spectrum between the first set
of bands of analog spectrum and third N-bit words of
digitized spectrum at the first master host unit;

converting the second wireless spectrum between the sec-
ond set of bands of analog spectrum and fourth N-bit
words of digitized spectrum at the first master host unit;

transporting the third N-bit words of digitized spectrum
and the fourth N-bit words of digitized spectrum on a
second digital medium between the first master host unit
and a first digital remote antenna unit;

communicating third wireless spectrum over a third air

interface at the first digital remote antenna unit using a
third antenna; and

communicating fourth wireless spectrum over a fourth air

interface at the first digital remote antenna unit using a
fourth antenna.

24. The method of claim 23, wherein converting the first
wireless spectrum between the first set of bands of analog
spectrum and the first N-bit words of digitized spectrum at the
first master host unit and converting the first wireless spec-
trum between the first set of bands of analog spectrum and the
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third N-bit words of digitized spectrum at the first master host
unit are the same operation; and

wherein converting the second wireless spectrum between

the second set of bands of analog spectrum and the
second N-bit words of digitized spectrum at the second
master host unit and converting the second wireless
spectrum between the second set of bands of analog
spectrum and the fourth N-bit words of digitized spec-
trum at the first master host unit are the same operation.

25. The method of claim 23, wherein the third wireless
signals are associated with the first set of bands of analog
spectrum and the fourth wireless signals are associated with
the second set of bands of analog spectrum.

26. The method of claim 23, wherein the third N-bit words
of digitized spectrum and the fourth N-bit words of digitized
spectrum are communicated as a time multiplexed data
stream between the first master host unit and the first digital
remote antenna unit.

27. A hybrid expansion unit comprising:

at least one digital communication interface adapted to

communicate first and second sets of N-bit words of
digitized spectrum with an upstream device;

at least one analog communication interface adapted to

communicate first and second sets of bands of analog
spectrum with a downstream device;

wherein the hybrid expansion unit is adapted to convert

between the first set of N-bit words of digitized spectrum
and the first set of bands of analog spectrum;

wherein the hybrid expansion unit is adapted to convert

between the second set of N-bit words of digitized spec-
trum and the second set of bands of analog spectrum;
wherein the first set of bands of analog spectrum occupy a
first frequency range and the second set of bands of
analog spectrum occupy a second frequency range; and

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

28. The hybrid expansion unit of claim 27, wherein the first
set of bands of analog spectrum and the second set of bands of
analog spectrum comprise multiple-input multiple-output
signals.

29. A method comprising:

transporting first and second sets of N-bit words of digi-

tized spectrum with a upstream device;

simultaneously transporting first and second sets of bands

of analog spectrum with a downstream device;
converting between the first set of N-bit words of digitized
spectrum and the first set of bands of analog spectrum;
converting between the second set of N-bit words of digi-
tized spectrum and the second set of bands of analog
spectrum;
wherein the first set of bands of analog spectrum occupy a
first frequency range and the second set of bands of
analog spectrum occupy a second frequency range; and

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

30. The method of claim 29, wherein the first set of bands
of analog spectrum and the second set of bands of analog
spectrum comprise multiple-input multiple-output signals.
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