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1 
DISTRIBUTED ANTENNA SYSTEM FOR 

WIRELESS NETWORK SYSTEMS 

FIELD OF THE INVENTION 

The present invention is directed to wireless transceiver 

systems for use in wireless communication systems, and spe- 

cifically is directed to a distributed antenna system for the 

wireless transceiver system. 

BACKGROUND OF THE INVENTION 

Contemporary cellular phone systems and broadband 

wireless metropolitan networks 20, as shown in FIG. 1, are 

generally divided into a number of cells 22 distributed in a 

pattern to preclude co-channel interferences and provide cov- 

erage of mobile and fixed subscriber units operating within 
the service area of the system. Each cell 22 includes a base 

station 24 that employs radio frequency (RF) transceiver 

equipment, antennas 26, and wire line 28 communication 

equipment. Mobile/fixed subscriber units 30 within the geo- 

graphic area of the cell site use RF transceiver equipment to 

communicate with RF transceivers within the base station 24. 
The base station 24 relays voice and data traffic to/from the 

subscriber mobile units or devices (e.g. a phone) 30 and 

to/from a Mobile Telephone Switching Office 32 or Access 
Service Gateway which in turn are connected to a central 

network such as the public switched telephone network 

(PSTN) 34 or packet switched networks such as the Internet, 

for example. 

To improve the capacity ofa base station 24 to handle more 

mobile users 30, cells 22 may be divided into sectors 38 or are 

further subdivided into smaller cells with the base station 24 
being replaced with lower cost, reduced capability micro or 

pico cells 36. In some configurations, distributed antenna 
systems (DAS) may be employed to optimize the RF distri- 

bution in larger cells in order to increase capacity at an even 

lower cost than with pico and/or micro cells 36. These 

approaches permit the reuse of a limited number of expensive 

RF channels without incurring the costs of one or more com- 

plete base stations 24. Further, these techniques may also be 

used to extend coverage to areas within the cell site where RF 

propagation may be limited by obstruction, such as in build- 

ings and tunnels, or to areas where the amount of traffic 

(revenue) does not justify the investment required for a com- 

plete base station 24. Distributed antenna systems allow the 

RF coverage to be adapted to the specific environment in a 

homogeneous way to assist in reducing the amount of intro- 

duced interference. In addition, the amount of extra traffic is 

kept low as only existing cells are distributed and no hand-off 

between cells is required. 

In order to reduce the costs associated with the develop- 

ment of their communication systems, multiple service pro- 

viders often locate their base stations 24 at the same geo- 

graphical point. The providers can then share such items as 

antennas, antenna towers, primary power drops, land costs, 

and regulatory costs. These service providers may employ 

multiple RF bands, multiple channels within the same RF 
band and multiple air interface standards (e.g. CDMA, 

UMTS, TDMA, and WiMax). The cost for each service pro- 

vider to extend coverage to increase capacity by deploying 

their own micro/pico cells and/or distributed antennas may be 

quite high. Further in some areas where RF propagation is 

poor, such as sporting venues or shopping malls, the owners 

of such facilities may not permit the installation of such 

equipment by multiple service providers for aesthetic reasons 

or because of space limitations. 

20 
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2 
Therefore, there is a need in the art for a system that maybe 

used by multiple service providers to extend coverage and 

increase capacity. 

SUMMARY OF THE INVENTION 

Embodiments of the present invention provide a distrib- 

uted antenna system (“DAS”) that can be used by multiple 

wireless service providers to increase the capacity and the 

coverage area of multiple communication systems without 

the need for each provider to incur the cost of deploying one 

or more micro /pico cells or DAS. To that end, embodiments 

of the invention are capable of simultaneously distributing 

signals between collocated base stations, operated by mul- 
tiple service providers, and remote or fixed subscriber units. 

The signals may encompass multiple RF bands, multiple 

channels within those bands, and multiple air interface stan- 

dards. Embodiments of the invention may provide to wireless 

service providers a solution that, when compared to micro 

cells or pico cells, allows them to cover certain environments 

at a lower cost with similar or even improved signal quality. 

Some embodiments of the distributed antenna system 

include a system controller and a master unit communicating 

with at least one of a plurality of base stations. Remote units 

communicate over a high data rate media with the master unit 

and/or another upstream or downstream Remote unit. In some 

embodiments, the remote unit communicates over a digitally 

modulated optical channel with the master unit and/or other 

remote units. 
In other embodiments, the distributed antenna system 

includes a controller and a digital time/space crosspoint 

switch controlled by the controller. A digitizing transceiver is 

in communication with the digital time/space crosspoint 

switch. The crosspoint switch is configured to transmit and 

receive digital data through the digitizing transceiver. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 

and constitute a part of this specification, illustrate embodi- 

ments of the invention and, together with a general descrip- 

tion of the invention given above, and the detailed description 

given below, serve to explain the invention. 

FIG. 1is a block diagram, ofa contemporary cellular phone 

system and broadband wireless metropolitan network. 

FIG. 2A is a block diagram of the cellular phone system 

and broadband wireless metropolitan network of FIG. 1 

employing an embodiment of the invention. 

FIG. 2B is a detailed view of a portion of FIG. 2A. 

FIG. 3 is a detailed block diagram of one embodiment of 

the invention. 
FIG. 4 is a detailed block diagram of a Master Unit used in 

embodiments of the invention. 

FIG. 5 is a block diagram of a TDD switch used in some 

embodiments of the invention. 
FIGS. 6A and 6B are a detailed block diagram ofa portion 

of a Remote Unit utilized in embodiments of the invention. 
FIGS. 7A and 7B are a detailed block diagram ofa portion 

of an alternate Remote unit utilized in embodiments of the 
invention. 

FIG. 8 is a detailed block diagram of an embodiment of the 

invention including an Extension Unit. 

FIG. 9 is a detailed block diagram of a portion of the 

Extension unit of FIG. 8. 
FIGS. 10A and 10B are a detailed block diagram of a 

portion of an alternate Master Unit utilized with embodi- 

ments of the invention. 
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FIG. 11 is a detailed block diagram of a cellular phone 

system and broadband wireless metropolitan network accord- 

ing to one of the embodiments of the invention. 

FIGS. 12A and 12B are a detailed block diagram of a 

portion of another Master Unit similar to that of FIGS. 10A 
and 10B utilized with embodiments of the invention. 

FIG. 13 is an alternate exemplary embodiment of a remote 

unit, such as in FIGS. 6A-6B and 7A-7B utilizing a digital 

crosspoint switch. 

FIG. 14 is a block diagram of a master and remote/exten- 

sion units employing digital crosspoint switched. 

FIG. 15A-C are block diagrams of different types of digital 

transceivers. 
FIG. 16 is a block diagram of a digital crosspoint switch 

with a combining/summing function. 

Tt should be understood that the appended drawings are not 

necessarily to scale, presenting a somewhat simplified repre- 

sentation of various features illustrative of the basic prin- 

ciples of the invention. The specific design features of the 

sequence of operations as disclosed herein, including, for 

example, specific dimensions, orientations, locations, and 

shapes of various illustrated components, will be determined 

in part by the particular intended application and use environ- 

ment. Certain features of the illustrated embodiments may 

have been enlarged or distorted relative to others to facilitate 

visualization and clear understanding. In particular, thin fea- 

tures may be thickened, for example, for clarity or illustra- 

tion. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention provide a distrib- 

uted antenna system (“DAS”) that can be used by multiple 

service providers to increase the capacity and the coverage 

area of multiple communication systems without the need for 
each provider to incur the cost of deploying one or more 

micro/pico cells or DAS. To do this, embodiments of the 

present invention are capable of simultaneously distributing 

signals between collocated base stations operated by multiple 

service providers, employing multiple RF bands, multiple 

channels within those bands, and multiple air interface stan- 

dards and mobile or fixed subscriber units. 
The system architecture of the invention is such that the 

number of RF bands/air interfaces, the number of service 

providers that can be accommodated, and the number of 

distributed antennas can be tailored for each coverage sce- 

nario to minimize cost. One possible implementation 40 of 

the system may be seen in the exemplary embodiment illus- 

trated in FIGS. 2A and 2B. This implementation 40 includes 

a Master Unit 42 collocated with at least one base station 24. 
The Master Unit 42 may be connected to the Mobile Tele- 

phone Switching Office 32 through base station 24 and via a 

wire line 28 connection. A group of distributed antenna units 

44 is interconnected via high speed digital transport links 46. 

The transport of RF signals in a digital format may assist in 

preventing any appreciable degradation due to the transport 

link. Spectral filtering may also be used to allow or prevent the 

distribution of specific radio signals. Additionally, the indi- 
vidual group delay of spectral components may be individu- 

ally adjusted without hardware modifications. Thus, quality 

degrading delay differences between overlapping simulcast 

cells may be avoided. 

The digital transport mechanism employed in embodi- 

ments of the invention allows for flexible use of the available 
bandwidth over the transport links. The dominant use of these 

links is generally for RF spectrum. A time division multi- 

plexed format of the links permits transport of multiple sig- 
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nals, which may even be at the same RF frequency. Further, 

data from data communication links such as Ethernet may 

also be inserted in the digital transport links for system moni- 

toring, configuration, control, as well as other user applica- 

tions. 
In a first embodiment of the Distributed Antenna System 

50, and as seen in FIG. 3, one or more Master Units 42a, 42b 

and a System Controller 52 are collocated with the base 
stations 24a-d of one or more operators. In this embodiment, 

each Master Unit 42a, 426 is capable of handling up to six RF 

bands with up to four service providers per band for Fre- 

quency Division Duplexed (FDD) air interfaces and one 

operator per band for Time Division Duplexed (TDD) air 

interfaces, although one of ordinary skill in the art will appre- 

ciate that other Master Units may be capable of handling more 

or fewer RF bands, service providers or operators. The Master 

Units 42a, 426 are connected to the base stations 24a-d via 

conducted coupling interfaces 54. The Master Units 42a, 426 

are also connected to a series of distributed antenna units 44, 

hereinafter referred to as Remote Units, via one to four wide- 

band digitally modulated optical interfaces 56, although one 

of ordinary skill in the art will appreciate that other Master 

Units may have more than four optical interfaces. Up to four 

Remote Units 44 may be daisy chained along each optical 

interface 56. The use of multiple optical interfaces 56 permits 

the Remote Units 44a-d to be positioned in order to optimize 
coverage. The Remote Units 44a-d may also each be config- 

ured to handle up to six RF bands. Multiple Master Units 42a, 

426 may be employed to provide for multiple sectors and 

additional service providers. One of ordinary skill in the art 

will recognize that more than four Remote Units 44 may be 

used. Similarly, one of ordinary skill in the art will recognize 

that more than six RF bands may also be used. 

For each RF band 57a, 57b, the Master Unit 42a, 42b 

combines the downlink signal 58 from up to four base stations 
24a-d on a per band basis and digitizes the combined signal. 

One of ordinary skill in the art will recognize there may be 

more or fewer base stations 24 communicating with the Mas- 

ter Unit 42a, 426. The digitized and combined signals from 

each of the RF bands 57a, 575 may then be time division 

multiplexed into frames and converted to a single serial 

stream. The framed serial data is transmitted to the Remote 
Units 44a-d via the digitally modulated optical channels 

(DMOC) 60a-d. The Remote Units 44a-d convert the digi- 

tally modulated optical signal to an electrical signal, de-frame 

the various time slots to separate the signals from each band, 

de-serialize them and retransmit each band at an RF fre- 
quency, via a local antenna 62, to subscriber units 30. 

The Remote Units 44a-d also receive RF voice and/or data 

signals, designated as the uplink signal 64, from the customer 

or subscriber units/devices 30 via the local antennas 62. Each 
RF uplink band is digitized separately. The Remote Units 

44a-c may also receive a serial digital signal from the Remote 

Units 445-d that precede it in the daisy chain. This digital 

signal contains the uplink signals received by the preceding 

Remote Units 44b-d. This latter signal is converted to an 

electrical format and the uplink signal for each band is sepa- 

rated and added to the locally received uplink signals from 
each RF band in use. The summed uplink signals for each 

band are combined into a single serial digital protocol and 

transmitted via the digitally modulated optical link 60a-d to 

the next Remote Unit 44a-c or the Master Unit 42a. The 

Master Unit 42a converts the optical uplink signals to an 

electrical signal, separates the signals from each band, con- 

verts them to analog signals, translates each to the appropriate 

radio frequency and sends them to the appropriate base sta- 

tions 24a-d. 
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In some embodiments, the Remote Units 44a-d may allow 

for the implementation of several RF signals on the same 

frequency as may be necessary for transmit and receive diver- 

sity. This is generally implemented as dedicated hardware for 

the diversity path and the digitized signals may be multi- 

plexed with the main signals on the same high speed serial 

link 60. The implementation is not limited to diversity. For 

example, MIMO (Multiple Input Multiple Output) configu- 

rations may also be used, such as configurations NxM with N 

transmitters and M receivers. Furthermore, the signals of 

multiple sectors which may occupy the same frequency band 

may be sent over the same Remote Unit location. Dedicated 

Remote Unit hardware may be required in some embodi- 

ments for this feature. 

Each DMOC 60a-d is a full duplex channel that may be 

implemented using two fibers 66a, 665 in some embodiments 

as two half duplex channels, one for uplink and one for 
downlink data, or in other embodiments may use a single fiber 
67 as illustrated in FIG. 3. In the single fiber 67 implementa- 
tion, the uplink 64 signals and downlink 58 signals are carried 

on different wavelengths and a wavelength division multi- 

plexer (WDM) is employed to combine or split the two optical 

signals. The single fiber 67 implementation may also be 

implemented using bi-directional optical transceivers. In 

some embodiments, high link margin fiber optic transceivers 
may be used to permit the use of existing older fiber cable 

which may be of poor quality or have multiple splices in order 

to further reduce the installation cost. The fiber may be either 

single or multimode optical fiber and may also be used for the 

transport link. The DMOC 60 including the optical trans- 

ceiver 108 may also be replaced by a different transceiver for 

high data rate media such as coax cable, twisted pair copper 

wires, free space RF or optics, or shared networks such as 

Ethernet 68, SONET, SDH, ATM, PDH, among others. 

In addition to the digitized signal from each band, the 

uplink and downlink digitally modulated optical links 60 also 

contain Operation and Maintenance (O&M) Ethernet data 

and one of four User Ethernet 10 Mb/s, 100 Mb/s, 1 Gb/s, or 

higher data rate signals. The former signal is used to configure 

and control the system and monitor system status. The User 

Ethernet signals may be used by the service providers as they 

see fit. The Controller 52 provides overall supervision and 

control of the Master 42 and the Remote Units 44 as well as 

alarm forwarding. 

Focusing now on the Master Unit 42, FIG. 4 contains a 

detailed block diagram of the Master Unit 42. Each Master 

Unit 42 may contain from one to six radio channels (herein- 

after referred to as a “path’”) 70, from one to four digitally 

modulated optical channels 72, a controller 74, a clock gen- 

erator 76, and an Ethernet switch 78. 

In one embodiment, each radio path, such as 70a, may be 

configured to handle a single RF band to and from base 

stations 24a-d for example. For a FDD air interface, the radio 

channels 70a employ a combiner and a duplexer 80 to handle 

the uplink signal (subscriber 30 to base station 24) and the 

downlink signal (base station 24 to subscriber 30). An RF 

downconverter 82 amplifies the received signal from the com- 
biner/duplexer 80 (downlink signal) to ensure that an A/D 

converter 84 is fully loaded. The RF downconverter 82 sets a 

center frequency of a band within the A/D converter pass 

band. The wideband A/D 84 digitizes the entire downlink 

band of the air interface to ensure all downlink channels are 

digitized. A resampler 86 converts the signal to a complex 

format, digitally downconverts the frequency band in some 

cases, decimates and filters the signal, and resamples it. This 

reduces the amount of data associated with the downlink 
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signal, such as 88a, that has to be transferred over the optical 

lines and synchronizes the rate of the digitized data to the 

optical network bit rate. 

The uplink section of the radio channel 70a sums 90 the 

uplink signals, such as signals 89a-d for its assigned band 

from the Remote Units 44 after they are converted to an 

electrical signal. The summation 90 is resampled, interpo- 

lated to change to a different data rate in some cases, and 
upconverted by the resampler 92 and then converted to an 

analog form by the D/A converter 94. The RF upconverter 96 

translates the center frequency of the analog signal to the 

appropriate frequency for the air interface and amplifies it. 

The amplified signal is applied to the combiner/duplexer 80 

and is routed back to the base stations 24a-d. 
In embodiments utilizing TDD air interfaces, the combiner 

and duplexer are replaced by a switching function 98 shown 

in FIG. 4 for example in radio channel 705 and detailed in 
FIG. 5. While the Master Unit 42 is receiving the downlink 

signal from base station 24, a RF amplifier in the RF upcon- 

verter is disabled and the shunt switch 100 shunts the RF 
amplifier to ground to further reduce leakage. During inter- 

vals when the Master Unit 42 is sending the uplink signal to 

the base station 24, the RF amplifier is enabled, the shunt 

switch 100 is opened and a series switch 102 is opened to 

protect the RF downconverter from damage due to high 

power levels. The switch control timing 104 is determined by 
the Master Unit Controller 74 from the downlink signal 885. 

Additionally, the formatter 106 may apply a data compression 

to reduce the redundant digital information included in the 

serial data stream before it is sent to the transmitter in the 

electro-optical transceiver 108. The compression may allow 

for saving bandwidth or for using a less costly transceiver 

with lower bit rate. The compressed serial data may be con- 

verted into an uncompressed data stream after being received 

on the opposite ends in the optical received of 108 by the 
receiver side formatter 106. 

Each digitally modulated optical channel 72a,b is com- 

posed of a formatter 106 and an electro-optical transceiver 

108. On the outgoing side, the formatter 106 blocks, into time 

division multiplexed frames, the digitized downlink signal 

88a-b from each RF band along with a customer Ethernet in 

Reduced Media Independent Interface (RMIT) format 110a- 

b, O&M data 112a-c and synchronization information. In 

other embodiments, other interfaces such as MII, RMII, 

GMII, SGMII, XGMII, among others may be used in place of 

the RMII interface. The framed data may be randomized by 

exclusive or’ ing (XOR) it with the output ofa linear feedback 

shift register to remove long strings of logic ones or zeros. 

Other known coding formats such as 8 bit/10 bit or 64 bit/66 

bit coding may also be used, but may result in a decrease in 

efficiency in the use of the digital serial link. This digital data 

is then converted to a serial stream which is used to modulate 
an optical transmitter within the electro-optical transceiver 

108. In the single fiber 67 implementation, a wavelength 

division multiplexer (WDM) 109 is employed, such as in 

DMOC 728, to combine or split the two optical signals. 

For incoming signals from the Remote Units 44, the elec- 

tro-optical transceiver 108 converts the optical signal to an 
electrical signal. The formatter 106 phaselocks to the incom- 

ing bit stream and generates a bit clock that is phaselocked to 

the data rate and aligned with the serial data stream. The 

formatter 106 then converts the serial stream to a parallel 

digital data stream, de-randomizes it and performs frame 

synchronization. It then breaks out the digitized uplink signal 

for each band, buffers each band and routes the bands to the 

appropriate radio channel 70a, 706. Finally, the formatter 106 

breaks out the buffers and O&M Ethernet data 112a-c and the 
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user Ethernet data 110a-b and routes them to the Controller 
74 and the Ethernet switch 78, respectively. 

The Master Unit Controller 74 uses locally stored informa- 

tion and information from the O&M Ethernet 68 to configure 

and control the other blocks in the Master Unit 42. It also 
passes this information to the Remote Units 44 and reports 

status of the Remote Units 44 and the Master Unit 42 to the 
main Controller 52 via the O&M Ethernet 68. When a radio 

channel, such as 70b, is assigned to a TDD air interface, the 

Controller 74 also uses the corresponding downlink signal 

88b to derive TDD switch control timing 104. 

The System Controller 52 generally has overall system 

control. The Master Unit Controller 74 functions to configure 

individual modules as well as supervise individual modules. 

As part of the configuration and supervision functions, the 

Master Unit Controller 74 is operable to determine the uplink/ 

downlink switch timing in TDD systems by decoding the 
downlink signaling or acquiring it from a different source 

such as the time variant UL RSSI, or some base station clock 

signal provided from an external source. The downlink frame 

clock in TDMA systems may be determined and distributed 

by decoding the downlink signaling to allow time slot based 

functions such as uplink or downlink muting, uplink or down- 

link Received Signal Strength Indication (“RSSI’) measure- 

ments within time slots, uplink and downlink traffic analysis, 

etc. The Master Unit Controller 74 may detect active channels 

in the RF spectrum to assist in or automatically configure the 

filter configuration in the resampler 86, 92. Optimal leveling 

of the individual signals in the resampler may also be deter- 

mined by measurement of the RSSI of the various signals in 

the downlink RF band. The Remote Unit Controller 124 may 

perform similar tasks in the uplink of the Remote Unit 44. 

Additionally, the Master Unit Controller 74 may measure 

the pilot signal strength of CDMA or Orthogonal Frequency- 

Division Multiplexing (“OFDM”) signals to properly set the 
level of the downlink signals, as the RSSI can vary at different 

capacity loading of a base station cell. The pilot signals gen- 

erally remain constant with a configured ratio between pilot 

level anda maximum composite for full loading, the required 

headroom for the signals may be maintained. The Master Unit 

Controller 74 may also measure and supervise the signal 

quality of the provided downlink channels. In case of signal 

degradation from the base station an alarm may be set and the 

operator can focus on the base station without having to 

troubleshoot the DAS system. 

In some embodiments, the Master Unit Controller 74 deter- 

mines the amount of channels for a narrowband base station 
standard such as Global System for Mobile communications 

(“GSM”). Together with the measurement of the Broadcast 

Control Channel (“BCCH”), which is constant in power, the 

proper headroom that is required for a multichannel subband 

may be determined and overdrive or underdrive conditions 

may be avoided. In other embodiments, the Master Unit Con- 

troller 74 monitors the crest factor of a transmitted spectrum 

in the presence of multiple channels. The crest factor may 

provide input to the leveling of the transmit power or the 

power back-off of particular gain stages of the system. The 

configured headroom is generally higher than the measured 
crest factor to avoid signal degradation due to clipping or 

distortion. In addition, a crest factor reduction mechanism 

may be employed in the resampler in some of the embodi- 

ments to reduce the crest factor and make more efficient use of 

the RF power amplifier in the Remote Unit 44 or assist in 

reducing the number of required bits per sample that need to 

be transmitted over the link. 
The clock generator 76 may use a stable Temperature Com- 

pensated Voltage Controlled Crystal (TCVXO) to generate 
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stable clocks and reference signals 114 for all Master Unit 42 

functional blocks. Although, one of ordinary skill in the art 

will appreciate that other devices or crystals may also be used 

to generate clocking signals as long as they are capable of 

producing the stable clocks required by the system. 

Focusing now on the Remote Unit 44, FIG. 6A and FIG. 6B 

contain a detailed block diagram of the Remote Unit 44. Each 

unit 44 may contain from one to six radio channels 120, one 

or two DMOCs 122, a Remote Unit Controller 124 and an 

Ethernet switch 126. 
The DMOCs 122 may be designated as the downstream 

128 and upstream channels 130. The downstream channel 

128 is connected to a Remote Unit 44 that precedes this 

Remote Unit in the daisy chain. The upstream channel 130 is 

connected to a Master Unit 42 or another Remote Unit 44. The 

DMOC 122 functional blocks are very similar to those in the 

Master Unit 42. Both consist of a formatter 132 and electro- 

optical transceiver 134. Outgoing data is buffered, formatted 
into frames, randomized,parallel to serial converted and used 

to modulate an optical transmitter in the electro-optical trans- 

ceiver 134. Incoming data is converted from an optical to 

electrical format, bit synchronized, de-randomized, frame 

synchronized and converted to a parallel format. The various 

data types are then broken out buffered and distributed to 

other function blocks within the Remote Unit 44. In some 
embodiments, formatter 132 may implement compression 

and decompression schemes to reduce bandwidth over the 

digital optical link. 

The radio channels in the Remote Unit 44 are functionally 

similar to those in the Master unit 42. Each radio channel is 
configured to handle a single RF band. Unlike the Master Unit 

42 radio channels 70, the Remote Unit 44 radio channels 120 

are connected via a cross band coupler 136 to an antenna 62. 

For FDD air interfaces, the radio channels, such as radio 

channel 120a, employ a duplexer 138 to split the uplink 

(subscriber 30 to base station 24) and the downlink signal 

(base station 24 to subscriber 30). Duplexers, cross-band 

combiners and couplers may be optional for some embodi- 

ments of either the Master Unit 42 or Remote Units 44. In 
these embodiments, additional antennas may replace the 

duplexer 138 and cross-coupler 136 in the Remote Units 44. 

Extra cables would be required in the Master Unit 42. A RF 

downconverter 140 amplifies the received uplink signal from 

the antenna 62 to ensure an A/D converter 142 is fully loaded 

and sets the center frequency of the band within the A/D 

converter pass band. The wideband A/D 142 digitizes the 

entire uplink band of the air interface to ensure all uplink 

channels are digitized. A resampler 144 converts the uplink 

signal to a complex format, digitally downconverts the signal 

in some cases, decimates and filters the signal, and resamples 

it with a multi-rate filter bank. This reduces the amount of data 

that has to be transferred over the optical links and synchro- 

nizes the rate of the digitized data to the optical network bit 

rate. The output of the resampler 144 is added to the uplink 

signals 146a@ from the downstream Remote Units 44 in sum- 

mer 147. The summed uplink signal 148a for each band is 
then sent to a formatter 132 in the upstream channel 130 inthe 

DMOC 122. 
The downlink signal 150 for each band (150a, 1505) is 

interpolated and frequency shifted in the resampler 152. The 

group delay of individual spectral components can be 

adjusted via filters or delay elements in the resampler 152. 

The signal is then converted to an analog form by the D/A 

converter 154. The RF upconverter 156 translates the center 

frequency of the analog downlink band to the appropriate 
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frequency for the air interface and amplifies it. The amplified 

signal is then applied to the antenna 62 and transmitted to the 

subscriber units 30. 

For TDD air interfaces, the duplexer 138 is replaced by the 

switching function 98 shown in radio channel 1206 and FIG. 

5. While the Remote Unit 44 is receiving the uplink, the RF 

power amplifier in the RF upconverter 156 is disabled and the 

shunt switch 100 shunts the RF power amplifier to ground to 
further reduce leakage. When the Remote Unit 44 is trans- 

mitting the downlink signal, the RF power amplifier is 

enabled, the shunt switch 100 is opened to permit the down- 

link signal to reach the antenna 62 and the series switch 102 

is opened to protect the RF downconverter 140 from damage 

due to high power levels. As with the Master Unit 42, the 

switch control timing 104 is determined by the Controller 124 

from the downlink signal 150a, 1508. 

The clock generator 158 includes a Voltage-controlled 
Crystal Oscillator (VCXO) that is phaselocked to the incom- 

ing serial data stream bit rate via a narrowband phaselocked 

loop (PLL). The VCXO output is split and is used as the 

frequency reference 160 for the local oscillators in each radio 

channel 120a,b, the sampling clocks for the A/D 142 and D/A 

154 converters, and a clock for the other blocks in the Remote 

Unit 44. One of ordinary skill in the art will realize that the 

long term frequency accuracy should be good to ensure the 

local oscillators are on frequency and that the short term jitter 
levels should also be low to ensure that the jitter does not 

corrupt the A/D and D/A conversion processes. By phase- 

locking to the data rate of the optical link, which is derived 

from the stable TCVCXO in the Master Unit 42, the Remote 

Unit 44 does not require an expensive oven compensated 

oscillator or a GPS disciplining scheme to maintain long term 

frequency accuracy, thereby, making the more numerous 

Remote Units 44 less expensive. The use of a narrow band 

PLL anda crystal controlled oscillator may assist in reducing 
short term jitter for the A/D and D/A converter clocks. Using 

the recovered, jitter reduced clocks 162 to re-clock the trans- 

mit data in the optical links at each Remote Unit 44 reduces 

jitter accumulation which may assist in improving A/D and 

D/Aconverter clocks in the downstream Remote Units 44 and 

may assist in reducing the bit error rate (BER) of the optical 

communication channels 122. 
The Remote Unit Controller (RUC) 124 uses locally stored 

information and information from the O&M Ethernet 68 to 

configure and control the other blocks in the Remote Unit 44. 

Downstream RMII 112d and upstream RMII 112e may also 

be supplied to the formatter 132. In addition, local O&M data 

166 may be configured at a local O&M terminal 164. Remote 

Unit 44 also passes this information to the up and downstream 

Remote Units 44 and/or Master Unit 42. The RUC 124 addi- 
tionally uses the appropriate downlink signal to derive TDD 

switch control timing 104 when required. 

In an alternate embodiment of the radio channel 120c uti- 

lized in a Remote Unit 44, the radio channel 120c may also 

employ digital pre-distortion to linearize the power amplifier. 

This embodiment of the radio channel 120c in a Remote Unit 
44 is shown in the block diagrams of FIGS. 7A and 7B. In this 

embodiment, a third signal path may be added to one or more 
radio channels 120c. The third path couples off the downlink 

signal after power amplification and digitizes it. The signal 

from the antenna 62 is received in an RF downconverter 168, 

which amplifies the received signal to ensure an A/D con- 

verter 170 is fully loaded and sets the center frequency of the 

band within the A/D converter pass band. The wideband A/D 

170 digitizes the entire uplink band of the air interface to 

ensure all uplink channels are digitized. The digitized signal 

is compared to a delayed version of the downlink signal in the 
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digital pre-distortion unit 172 and the difference is used to 

adaptively adjust the gain and the phase of the signal prior to 

D/A conversion to correct for non-linearity in the power 

amplifier. 

In an alternate embodiment of the Distributed Antenna 
System 180, the Master Units 42a, are not collocated with 

the base stations 24. In this embodiment, the Master Units 

42a,b are connected to an antenna 182 and the wire line 

interfaces to the base stations are replace by a multi-band RF 

link, as depicted in FIG. 8, including a combiner 184 and a 

crossband coupler 186. The combiner 184 and crossband 

coupler 186 work to both combine and divide signals from 

each of the base stations 24 of the multiple service providers. 

This configuration still permits multiple service providers to 

use the system thereby retaining the cost benefits of only 

deploying one system while extending coverage further than 

can be done with the embodiments having a collocated sys- 
tem. Additionally, in this embodiment, the combiner/du- 

plexer 80 in the Master Unit 42 may be replaced with a 
duplexer. As with other embodiments, each Master Unit 42 

may support up to six RF bands, though in other embodiments 

the number of RF bands may be more than six. 

In another embodiment of the Distributed Antenna System, 

and as also depicted in FIG. 8, one of the optical links from the 

Master Unit 42 may be connected to an Extension Unit 192. 
In this embodiment, the Master Unit(s) 42 may be collocated 

with the base station(s) 24 as shown in FIG. 3, or the Master 

Unit(s) 42 may be not be collocated with the base station(s) 24 

as shown in FIG. 8. The Extension Unit 192 provides addi- 

tional digitally modulated optical links for distribution of 

voice and data traffic, command and control, and user data for 

to up to nine Remote Units 44, thereby, increasing the number 

of Remote Units 44 a single Master Unit 42 can handle. The 

Extension Unit 192 may communicate with Remote Units 44 

using a two fiber 66a, 665 approach using the same wave- 

length in both directions, or Extension Unit 192 may com- 

municate using a single fiber 67 using two wavelengths anda 

WDM (204 in FIG. 9). 
FIG. 9 is a detailed block diagram of an Extension Unit 

192. The Extension Unit includes DMOCs 194, a controller 

196, aclock generator 198, an Ethernet Switch 200 and sum- 

mers 202. One of the DMOCs 194a connects to the Master 
Unit 42 while the remaining DMOCs 194-c each connect to 

a different Remote Unit 44. The DMOC 194a connected to 

the Master Unit 42 fans out data from the Master Unit 42 to 
the other DMOCs 1945-c. Data from each Remote Unit 44 is 
converted to an electrical format by the DMOCs 1946-c and 

is combined into a single framed optical stream and sent to the 

Master Unit 44. As with the other units, the DMOC can 

employ two fibers 66a, 665 or a single fiber 67 using two 

wavelengths and a WDM 204. The clock generator 198 gen- 

erates clocks for all Extension Unit 192 functions by phase- 

locking a VCXO to the rate of the serial bit stream from the 

Master Unit 42 in the same manner employed in the Remote 

Unit 44 above. 
The summers 202a, 2025 for each band combine the digi- 

tized uplink data 206a-6 or 208a-b for that band from each 
Remote Unit 44 for transmission to the Master Unit 42. This 
the combined uplink data 210a, 2106 assists in reducing the 

bit rate on the optical link to the Master Unit 42. 

Master Unit 42 O&M data 112 is transmitted to the Exten- 

sion Unit Controller 196 and all of the Remote Units 44. User 

data (User RMU data 212a, 2125) for each of the remote units 

is also sent to all of the Remote Units 44 and the Extension 
Unit Ethernet Switch 200. O&M data (including local O&M 

data 216 and O&M data 214a, 2144 from the Remote Units 
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44) and user data 212a, 2126 from the Remote Units 44 and 

the Extension unit 192 is framed and sent to the Master Unit 
42. 

The Ethernet Switch 200 routes the user Ethernet data 110 

(including 110a, 1106 from FIG. 4) from the Master Unit 42 

to/from the Remote Units 42. The Extension Unit Controller 
196 uses locally stored information and information from the 

O&M Ethernet to configure and control the other blocks in the 
Extension Unit 196. 

In another embodiment of the Distributed Antenna System 

220, one or more of the analog RF interfaces with the base 

station 24 may be replaced with interfaces that carry the 

uplink and downlink signals in a time division multiplexed 

frame digital format such as a Common Public Radio Inter- 

face (CPRI) or the Open Base Station Architecture Initiative 

(OBSAJ) link. For FDD air interfaces the interface is full 

duplex, so the physical layer of each interface can employ two 
conducted coupling interfaces or two fiber optic channels ora 

single fiber channel that uses WDM. For TDD air interfaces, 

the interface is half duplex so the physical layer can employ a 

conducted coupling interface or a single fiber employing 

TDM or two fibers. Single or multimode fibers can be 

employed. 

In this embodiment, the radio channel 70c of the Master 

Unit 42 is modified as shown in FIGS. 10A and 10B to permit 

operation with digitized or analog RF signals. FIG. 10A 
depicts one radio channel 70a with four analog RF base 

station interfaces 24a-d and one radio channel 70c with three 
analog RF interfaces 24e-g and one digital RF interface 24h. 

For FDD air interface standards, each RF band may be con- 

figured to accommodate any combination of digital and ana- 

log RF interfaces up to a sum total four. For TDD interfaces, 

only a single interface, either digital or analog, may be 

accommodated. 
For the digital RF base station interface 24, a transceiver 

222 converts the signal from the interface physical layer 

format (e.g. Optical, Ethernet, Low Voltage Differential Sig- 

naling (LVDS)) to standard logic levels. A formatter 224 

de-frames and bit synchronizes the signal, decodes the signal, 

performs a parallel to serial conversion and rate buffers the 

signal. A resampler 226 converts the signal to a complex 

format if required, decimates and filters the signal and re- 

samples it. This reduces the amount of data that has to be 

transferred over the optical links 60 and synchronizes the rate 

of the digitized data to the optical network bit rate. The 

re-sampled digitized RF signal is summed in summer 228 

with the composite digitized RF signal from any analog RF 

channels and the resulting summation 88a is transmitted to 

the Remote Units 44. 

The uplink signal for the given band from each group of 

Remote Units 44 is summed in summer 90 and re-sampled in 

resampler 230. The re-sampling converts the summed signal 

to the sampling rate and bandwidth of the digitized RF link. 

The formatter 224 then frames the data, codes the data, con- 

verts it to a serial format and divides it in to packets if neces- 

sary. The transceiver 222 converts it the appropriate physical 

layer for the interface. 

In another embodiment of the Distributed Antenna System 
240, Master Units 42 not collocated with the base stations can 

exchange digitized RF signals 242 with those base stations in 

addition to the broadcast analog RF signals, as shown in FIG. 

11. In this variation of the invention, the Master Unit Radio 

Channels 70 are modified as shown in FIGS. 12A and 12B, by 

the addition of a digital RF channel(s). The operation of the 

digital channel is identical to the one in FIGS. 10A and 10B. 

Multiple digital radio channels can be employed for each 

band. 
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In an alternate configuration of the Distributed Antenna 

System, digital transceivers may create the data stream. In 

this configuration, the formatters and electrical/optical links 

may be replaced with Digital Crosspoint Switches 250 as 

seen in the exemplary block diagram in FIG. 13. A digital 

system may be implemented such that the distribution of 

signal streams may be configured employing digital time/ 

space crosspoint switches, as illustrated, for example in FIG. 
13. 

FIG. 14 is a block diagram of an exemplary digital RF 

distribution and switching architecture 300 for base stations 

and their corresponding remote units. Using a crosspoint 

switch 302, multiple base stations may be combined over a 

single digital link. All signals between the head-end and 

remote unit may be routed through a switch 302 allowing any 

input to be connected to any output. This architecture may 

also have multiple switching matrices that could be used to 
implement more complex distribution schemes. A conference 

bridge type of functionality in the switches may be used to 

combine the uplink signals 64 on one channel that come from 

different mobile units 30. 

The digital architecture 300 may be under the control of a 

system controller 304 that controls, coordinates and operates 

the digital time/space crosspoint switch 302. The switch 302 

transmits and receives digital data through digitizing trans- 

ceivers 306 which may replace the radio channels 120 of 
embodiments discussed above. Some of the digitizing trans- 

ceivers 306 convert the analog downlink signals of the base 

stations 24 to digital signals and transmit those digital signals 

to the switch 302. Other digitizing transceivers 308 convert 

the digital downlink signals to analog and transmit to the 

mobile units 30. Similarly, for uplink signals, the digitizing 

transceivers 308 convert the analog signals from the mobile 

units to digital signals and transmit those signals to the 

switch. Digitizing transceivers 306 convert the digital uplink 
signals to analog to send to the base stations 24. Additional 

crosspoint switches may also be used to expand the coverage 

such as with a switch 310 acting as an extension unit connect- 

ing through digitizing transceivers 308 to additional mobile 

units 30. Additional switches, such as switch 312, may also be 

added from switch 302 to expand coverage between addi- 

tional base stations 24 and mobile units 30. 
The use of uplink muting may assist in reducing the noise 

in the uplink signals that are coupled into the base station 

input when there are no active mobile units. This may be 

implemented in some embodiments using RSSI base detec- 

tion as well as sophisticated detection of even CDMA uplink 

signals. In a case of an uplink signal reaching and being 

received by multiple Remote Units, a maximum ratio com- 

bining mechanism may be used. The combining mechanism 

may be better suited for narrowband signals than for wide 

band signals due to the increased decorrelation of the wide 

bandwidth signals and their increased immunity to fading. 

FIGS. 15A-15C illustrate several types of digital transceiv- 

ers 306, 308 that may be used with embodiments of the digital 

architecture 300 discussed above. For example in FIG. 15A, 

a digital transceiver 320 may be configured for a direct ana- 

log-digital conversion with power amplifier 322 amplifying 
incoming downlink signals. The amplified downlink signals 

are converted to digital signals with A/D converter 324 and 

are put on bus interface 326 in preparation for sending them 

ona digital bus 328 to a crosspoint switch, such as switch 302. 

The digital bus may be optical fiber, coaxial cable, twisted 

pair copper wires, free space RF for optics, or may even share 

existing networks such as Ethernet in some embodiments. 

Uplink signals are received at bus interface 326, converted 

from digital to analog with D/A converter 330 and amplified 
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with power amplifier 332 before transmitting. A controller 

334 with an optional controller bus 336 may be utilized in 

some embodiments for controlling the incoming and outgo- 

ing signals on the bus 328. 

FIG. 15B illustrates a digital transceiver 340 with duplexed 

analog-digital conversion after frequency conversion. The 

duplexer 342 in the transceiver 340 may implement a full 

duplex channel as two half duplex channels, one for uplink 
and one for downlink data in some embodiments, or in other 

embodiments may use a single channel. In the single channel 

implementation, the up and downlink signals may be carried 

on different wavelengths and a wavelength division multi- 

plexer (WDM) (not shown) may be employed to combine or 

split the signals. In this embodiment, a signal is received at the 

duplexer 342 and split off as a downlink signal prior to being 

amplified by power amplifer 322. The amplified signal is 

frequency converted and filtered at block 344 before being 
converted to digital with A/D converter 324. The digital signal 

is then placed on the bus interface 326 and transmitted over 

bus 328 similar to the embodiment above. Uplink signals are 

received on the bus interface 326 and converted from digital 

to analog with D/A converter 330. The analog signals are then 

frequency converted and filtered at block 346 before being 

amplified by power amplifier 322. The amplified uplink sig- 

nal is then sent through duplexer 342 prior to being transmit- 

ted back to a base station 24, for example. The embodiment of 
a digital transceiver 360 in FIG. 15C is similar to this embodi- 

ment, though the digital transceiver 360 in FIG. 15C does not 

contain a duplexer. Digital filtering may be used to save 

bandwidth on the optical link if only selected parts of an RF 

band are transmitted. Filtering and decimation also assist in 

reducing the sampling rate for an RF band. 

FIG. 16 illustrates a block diagram of an alternate digital 

time/space crosspoint switch 370 with a combining function. 

This embodiment contains the crosspoint switch 372 under 
the control of control 374, similar to system controller 304 in 

FIG. 14. The controller 374 may communicate with other 

controllers or the system control 304 over an optional dedi- 

cated control bus 378. The switch 372 receives signals such as 

signals 148 and 150 from the embodiments illustrated in 

FIGS. 6A, 6B, 7A, and 7B. Additionally, a summer/combiner 

376 may be employed for uplink signals, intelligently sum- 

ming the signals and not the noise for transmission. Muting 

techniques may be used to reduce uplink noise for channels 

where there are not uplink transmissions from mobile units 

30. The switch may be configured in a point-multipoint con- 

figuration where a single downlink signal may be repeated 

and transmitted over multiple outputs to other switches, 

remote units or mobile units 30. 

While the present invention has been illustrated by a 

description of one or more embodiments thereof and while 

these embodiments have been described in considerable 
detail, they are not intended to restrict or in any way limit the 

scope of the appended claims to such detail. Additional 

advantages and modifications will readily appear to those 

skilled in the art. The invention in its broader aspects is 

therefore not limited to the specific details, representative 

apparatus and method, and illustrative examples shown and 
described. Accordingly, departures may be made from such 

details without departing from the scope of the general inven- 

tive concept. 

What is claimed is: 

1. A distributed antenna system comprising: 

a master unit configured for receiving downlink signals 

from a plurality of base stations and for transmitting 

uplink signals to the plurality of base stations, the down- 

link signals being associated with a plurality of wireless 
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protocols and a plurality of bands, wherein the master 

unit is configured to output the downlink signals as 

digitized downlink signals, the master unit comprising: 

a first radio channel having circuitry comprising a 

duplexer, the circuitry being configured to (1) receive 

downlink signals associated with a first band of the 

plurality of bands from the plurality of base stations 

and (ii) transmit the uplink signals associated with the 

first band to the plurality of base stations; 

a second radio channel comprising a switch configured 

for, responsive to transmitting the uplink signals asso- 

ciated with a second band to the plurality of base 

stations, opening and protecting an RF downcon- 

verter in the second radio channel; and 

acontroller configured for providing switch control tim- 

ing for controlling operation of the switch; 

an extension unit configured to receive the digitized down- 
link signals from the master unit over a first fiber optic 
cable; and 

a remote unit configured for receiving downlink signals 

from the extension unit over a second fiber optic cable, 

wherein the remote unit is configured for wirelessly 

transmitting the downlink signals as radio frequency 

(RF) signals using the plurality of wireless protocols and 

in the plurality of bands. 
2. The distributed antenna system of claim 1, wherein the 

remote unit is a first remote unit, the distributed antenna 

system further comprising: 

a second remote unit configured for receiving at least a 

subset of the downlink signals from the remote unit over 

a third fiber optic cable, wherein the second remote is 

adapted to convert the subset of the downlink signals to 

second RF downlink signals and to wirelessly transmit 

the second RF downlink signals. 
3. The distributed antenna system of claim 2, wherein the 

first remote unit is configured for receiving a second uplink 

signal from the second remote unit and for summing the 

second uplink signal with a first uplink signal generated from 

an RF uplink signal wirelessly received by the first remote 

unit to generate combined uplink signals, the first remote unit 

being configured to provide the combined uplink signals to 

the extension unit over the second fiber optic cable. 

4. The distributed antenna system of claim 1, wherein the 

master unit comprises: 

a digitally modulated optical channel configured for com- 

municating with at least one of the first radio channel or 

the second radio channel and for further communicating 

with the remote unit; 

a wavelength division multiplexer configured for being in 

communication with the digitally modulated optical 

channel, the wavelength division multiplexer being con- 

figured to combine or split the uplink and downlink 

signals on the digitally modulated optical channel. 

5. The distributed antenna system of claim 1, wherein the 

master unit comprises a digitally modulated optical channel, 

the digitally modulated optical channel comprising: 

a formatter configured to: 
block, into time division multiplexed frames, the digi- 

tized downlink signals and an Ethernet signal; 

convert the time division multiplexed framed downlink 

signals into a downlink serial stream; 

phaselock to a serial stream representing the uplink sig- 

nals from at least one of the remote unit or the expan- 

sion unit; 

convert the serial stream to a parallel uplink digital data 

stream; 

CommScope Ex. 1020



US 8,346,091 B2 

15 
split the parallel uplink digital data stream into a plural- 

ity of bands comprising uplink digital signals; and 

route each of the plurality of bands comprising the 

uplink digital signals to at least one of the first radio 

channel or the second radio channel; and 

an electro-optical transceiver configured to: 

modulate an optical transmitter using the downlink 

serial stream; and 

convert an uplink optical signal to the serial stream rep- 

resenting the uplink digital signals. 

6. The distributed antenna system of claim 1, wherein the 

master unit further comprises: 

an Ethernet interface configured to transceive operation 

and maintenance data associated with the master unit 

and that is separate from the downlink signals and the 

uplink signals. 

7. The distributed antenna system of claim 1, wherein the 

remote unit comprises: 

an antenna configured to transmit and receive signals using 

the plurality of wireless protocols and in the plurality of 

bands; 

aremote unit radio channel configured for communicating 

with the antenna; and 

a remote unit controller configured to monitor and control 

the components of the remote unit. 

8. The distributed antenna system of claim 7, wherein the 

remote unit radio channel comprises: 

a combiner/duplexer configured for being in communica- 

tion with the antenna and configured to transmit uplink 

signals to the extension unit and receive downlink sig- 

nals from a second remote unit or the extension unit. 

9. The distributed antenna system of claim 7, wherein the 

remote unit further comprises: 

an Ethernet interface configured to communicate trans- 

ceive operation and maintenance data associated with 

the remote unit and that is separate from the downlink 

signals and the uplink signals. 

10. The distributed antenna system of claim 7, wherein the 

remote unit further comprises: 

a digital to analog converter; and 

a digital pre-distortion unit, the digital pre-distortion unit 

configured to compare a digitized uplink signal to a 
delayed downlink signal, 

wherein the remote unit is configured to, based on a differ- 
ence from the comparison in the digital pre-distortion 

unit, automatically adjust a gain and phase of a signal 
prior to conversion in the digital to analog converter. 

11. The distributed antenna system of claim 1, wherein the 

remote unit comprises: 
an antenna configured to transmit and receive signals from 

a mobile unit over the plurality of air interfaces and RF 
bands; 

aremote unit radio channel configured for communicating 
with the antenna; 

a digital switch configured for communicating with the 

remote unit radio channel and for further communicat- 
ing with a second remote unit or the master unit; and 

a remote unit controller configured to monitor and control 
the components of the remote unit and digital switch. 

12. The distributed antenna system of claim 1, wherein the 
extension unit further comprises: 

an Ethernet interface configured to transceive operation 

and maintenance data associated with the extension unit 
and separate from the downlink signals and the uplink 

signals. 
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13. The distributed antenna system of claim 1, wherein the 

master unit is a first master unit and the remote unit is a first 

remote unit, the distributed antenna system further compris- 

ing: 
5 a second master unit configured for communicating with at 

least one of the plurality of base stations; 

a second remote unit configured for communicating over a 

digitally modulated channel with at least one of the 

second master unit or a third remote unit; 

a combiner; and 

an antenna, 

wherein the first and second master units are configured to 

use the combiner to transmit using a multi-band RF link 

over the antenna to communicate with at least one of the 

plurality of base stations. 

14. The distributed antenna system of claim 1, wherein the 

master unit comprises: 

at least four optical interfaces configured for coupling to 

fiber optic cables that are adapted to be coupled to a 

plurality of extension units. 

15. The distributed antenna system of claim 1, wherein the 

remote unit is further configured to receive RF uplink signals 

wirelessly and convert the RF uplink signals to uplink digital 

signals, 

wherein the extension unit is further configured to receive 

the uplink digital signals from the remote unit over the 

second fiber optic cable, 

wherein the master unit is further configured to receive the 

uplink digital signals from the extension unit over the 

first fiber optic cable, convert the uplink digital signals to 

the uplink signals to be provided to the plurality of base 

stations. 

16. The distributed antenna system of claim 15, wherein 

the first fiber optic cable comprises a first fiber optic cable for 

carrying downlink digital signals and a second fiber optic 

cable for carrying uplink digital signals. 

17. The distributed antenna system of claim 1, wherein the 

4o master unit comprises aresampler configured to reduce a size 

of the digitized downlink signals by re-sampling the digitized 

downlink signals. 

18. The distributed antenna system of claim 1, wherein the 

master unit comprises an interface that is configured to send 
the uplink signals to at least one of the plurality of base 

stations by a third fiber optic cable and to receive the down- 
link signals from the at least one of the plurality of base 

stations by a fourth fiber optic cable. 
19. The distributed antenna system of claim 18, wherein a 

50 format of the uplink signals and the downlink signals com- 

prises a Common Public Radio Interface (CPRI) or an Open 
Base Station Architecture Initiative (OBSAI) link. 

20. The distributed antenna system of claim 1, wherein the 
master unit is configured to separately digitize each of the 

downlink signals, 
wherein the master unit is configured to digitally sum 

uplink digital signals received from a plurality of remote 

units, 
wherein the remote unit is configured to process signals 

associated with the plurality of bands. 
21. A method, comprising: 

receiving, by a master unit ofa distributed antenna system, 
downlink signals from a plurality of base stations, the 

downlink signals being associated with a plurality of 

wireless protocols and a plurality of bands, wherein 
receiving downlink signals from the plurality of base 

stations comprises receiving, by circuitry comprising a 
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duplexer of a first radio channel, downlink signals asso- 
ciated with a first band of the plurality of bands from the 

plurality of base stations; 

outputting the downlink signals as digitized downlink sig- 
nals to an extension unit over a first fiber optic cable; 

transmitting uplink signals to the plurality of base stations 
comprising transmitting, by the circuitry, the uplink sig- 

nals associated with the first band to the plurality of base 
stations; 

responsive to transmitting the uplink signals associated 

with a second band to the plurality of base stations, 
opening and protecting, by switch of a second radio 

channel, an RF downconverter in the second radio chan- 
nel; and 

providing, by a controller, switch control timing for con- 
trolling operation of the switch. 

22. The method of claim 21, further comprising: 

receiving, by a remote unit, the downlink signals from the 
extension unit over a second fiber optic cable; 

converting the downlink signals to RF downlink signals; 
wirelessly transmitting the RF downlink signals; 

receiving by a second remote unit at least a subset of the 
downlink signals from the remote unit over a third fiber 

optic cable; 

converting the subset of the downlink signals to second RF 
downlink signals; and 

wirelessly transmitting the second RF downlink signals. 
23. The method of claim 21, further comprising: 

receiving RF uplink signals wirelessly by a remote unit; 
converting the RF uplink signals to uplink digital signals; 

transmitting the uplink digital signals to the extension unit 

over a second fiber optic cable; 
receiving by the master unit the uplink digital signals from 

the extension unit over the first fiber optic cable; and 
converting the uplink digital signals to the uplink signals. 

24. The method of claim 23, wherein transmitting the 

uplink digital signals to the extension unit over the second 
fiber optic cable comprises: 

receiving second uplink digital signals from a second 
remote unit over a third fiber optic cable; 

combining the second uplink digital signals with the uplink 
digital signals converted from the RF uplink signals 

received by the remote unit to generate combined uplink 

digital signals; and 
transmitting the combined uplink digital signals to the 

extension unit over the second fiber optic cable, 
wherein receiving by the master unit the uplink digital 

signals from the extension unit over the first fiber optic 
cable comprises receiving the combined uplink digital 

signals, 

wherein converting the uplink digital signals to uplink 
signals comprises converting the combined uplink digi- 

tal signals to the uplink signals. 
25. The method of claim 21, further comprising: 

separately digitizing each of the downlink signals to gen- 
erate the digitized downlink signals; 

re-sampling by the master unit the digitized downlink sig- 

nals to reduce a size of the digitized downlink signals; 
and 

digitally summing uplink digital signals received from a 
plurality of remote units. 

26. The method of claim 21, 
wherein outputting the downlink signals as the digitized 

downlink signals to the extension unit over the first fiber 

optic cable comprises: 
(A) arranging, by a formatter, the digitized downlink 

signals and an Ethernet signal into frames; 
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(B) converting the framed downlink signals into a down- 

link serial stream; and 

(C) modulating, by an electro-optical transceiver, an 

optical transmitter using the downlink serial stream, 
wherein the method further comprises: 

(A) converting, by the electro-optical transceiver, an 
uplink optical signal to a serial stream representing 

uplink digital signals from a remote unit; 
(B) phaselocking to the serial stream; 

(C) generating a bit clock that is phaselocked to a data 

rate of the serial stream; 
(D) converting the serial stream to a parallel uplink 

digital data stream; 
(E) splitting the parallel uplink digital data stream into 

the plurality of bands of uplink digital signals; and 
(F) routing each of the plurality of bands of uplink digital 

signals to an appropriate one of the first radio channel 

or the second radio channel. 
27. A distributed antenna system, comprising: 

a master unit configured for sending uplink signals to a 
plurality of base stations, the uplink signals being asso- 

ciated with a plurality of wireless protocols and a plu- 
rality of bands, wherein the master unit is configured for 

receiving the uplink signals as digitized uplink signals 

from an extension unit over a first fiber optic cable; 
a first remote unit configured to generate first digitized 

uplink signals by digitizing first RF uplink signals wire- 
lessly received by the first remote unit, the first remote 

unit being configured to provide the first digitized uplink 
signals to the extension unit, the first remote unit com- 

prising: 

a digital to analog converter; and 
a digital pre-distortion unit, the digital pre-distortion 

unit configured to compare the first digitized uplink 
signals to a delayed downlink signal, wherein the 

remote unit is configured to, based on a difference 

from the comparison in the digital pre-distortion unit, 
automatically adjust a gain and phase ofa signal prior 

to conversion in the digital to analog converter; and 
a second remote unit configured to generate second digi- 

tized uplink signals by digitizing second RF uplink sig- 
nals wirelessly received by the second remote unit, the 

second remote unit being configured to provide the sec- 

ond digitized uplink signals to the extension unit, 
the extension unit configured to generate the digitized 

uplink signals by summing the first digitized uplink 
signals and the second digitized uplink signals. 

28. The distributed antenna system of claim 27, wherein 
the master unit comprises: 

a first radio channel having circuitry comprising a 

duplexer, the circuitry being configured to (1) receive 
downlink signals associated with a first band of the 

plurality of bands from the plurality of base stations and 
(11) transmit the uplink signals associated with the first 

band to the plurality of base stations; 
a second radio channel comprising a switch configured for, 

responsive to transmitting the uplink signals associated 

with a second band to the plurality of base stations, 
opening and protecting an RF downconverter in the sec- 

ond radio channel; and 
acontroller configured for providing switch control timing 

for controlling operation of the switch. 
29. The distributed antenna system of claim 1, wherein the 

extension unit is a switch. 

* * * * * 
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