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DUAL DISTRIBUTED ANTENNA SYSTEM
v/

5 'BACKGROUND OF THE INVENTION

1. Field of the Invention

The present application is a continuation-in-part application of

10-  copending U.S. Patent Application Serial No. 07/849,651, filed March 9, 1992,

entitled "CDMA MICROCELLULAR -TELEPHONE SYSTEM AND

DISTRIBUTED ANTENNA SYSTEM THEREFOR" which is a continuation

of U.S. Patent Application Serial No. 07/624,118, filed December 7, 1990, of

the same title, and as such also relates telephone systems. The present

15 invention relates to communication - systems, particularly indoor

communication systems including cellular telephones, personal

communication services (PCS), wireless private branch exchange (PBX) and

- wireless local loop telephone systems. . More specifically, the present

invention relates to a novel and improved distributed antenna system for

20 microcellular communication systems to facilitate indoor communications
uéing spread spectrum signals.

II. Description of the Related Art

25 The use of code division multiple access (CDMA) modulation
techniques is one of several techniques for facilitating communications in
which a large number of system users are present. Other multiple access
communication system techniques, such as frequency hopping spread
spectrum, time division multiple access (TDMA), frequency division

- 30 multiple access (FDMA) and amplitude modulation schemes such as
amplitude companded single sideband (ACSSB) are known in the art.
However the spread spectrum modulation technique of CDMA has
significant advantages over these modulation techniques for multiple access
communication systems. The use of CDMA techniques in a multiple access

35 communication system is disclosed in U.S. Patent No. 4,901,307, issued
February 13, 1990, entitled “SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL
REPEATERS”, assigned to the assignee of the present invention, of which

the disclosure thereof is incorporated by rererence.
This Sheet Has Been Replacec
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~ stations (also referred to as cell-sites stations, cell-sites, or for short, cells)

5 using code division multiple access (CDMA) spread spectrum

communication signals. In using CDMA communications, the frequency

spectrum can be reused multiple times thus permitting an increase in

system user capacity. The use of CDMA results in a much higher spectral
 efficiency than can be achieved using other multiple access techniques.

= 10 The terrestrial channel experi.er_xces signal fading that is characterized

by Rayleigh fading. The Rayleigh fading characteristic in the terrestrial

channel signal is caused by the signal being reflected from many different

features of the physical environment. As a result, a signal arrives at a

mobile unit receiver from many directions with different transmission

15 delays. At the UHF frequency bands usually employed for mobile radio

. communications, including those of cellular mobile telephone systems,
significant phase differences in signals traveling on different paths may'
occur. The possibility for destructive summation of the signals may result,
with on occasion deep fades occurring.

20 Terrestrial channel fading is a very strong function of the physical
position of the mobile unit. A small change in position of the mobile unit
changes the physical delays of all the signal propagation paths, which
further results in a different phase for each path. Thus, the motion of the
mobile unit through the environment can result in a quite rapid fading

25 process. For example, in the 850 MHz cellular radio frequency band, this
fading can typically be as fast as one fade per second per mile per hour of
vehicle speed. 'Fading this severe can be extremely disruptive to signals in
the terrestrial channel resulting in poor communication quality.
Additional transmitter power can be used to overcome the problem of

30 fading. However, such power increases effect both the user by excessive
power consumption, and the system by increased interference.

The direct sequence spread spectrum CDMA modulation techniques

_disclosed in U.S. Patent No. 4,901,307 offer many advantages over narrow
band modulation techniques used in communication systems emploving

35 satellite or terrestrial repeaters. The terrestrial channel poses special
problems to anvy communication system particularly with respect to
multipath signals. The use of CDMA techniques permlt the specxal
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system techm ques suc uen ?
DMA commumcatxon system, the same wideband frequency

: channel can be used for communication by all base stations. Typically a
FDMA scheme is used where one frequency band is used for
communications from the base stations to the remote or mobile stations
(forward link) and another for communications from the remote or mobile
stations to the base stations (reverse link). The CDMA waveform properties
that provide processing gain are also used to discriminate between signals

" - 10 that occupy the same frequency band. Furthermore the high speed

pseudonoise (PN) modulation allows many different propagation péths to

be separated, provided the difference in path delays exceed the PN chip

duration, i.e. 1/bandwidth. If a PN chip rate of approximately 1 MHz is

employed in a CDMA system, the full spread spectrum processing gain,

15 equal to the ratio of the spread bandwidth to system data rate, can be

employed to discriminate against paths that differ by more than one

. microsecond in path delay from each other. A one microsecond path delay

differential corresponds to differential path distance of approximately 1,000

feet. The urban environment typically provides differential path delays in

20 excess of one microsecond, and up to 10-20 microseconds are reported in
some areas. ' '

u

In narrow band modulation systems such as the analog FM
modulation employed by conventional telephone systems, the existence of
multiple paths results in severe multipath fading. With wideband CDMA

25 modulation, however, the different paths may be discriminated against in
the demodulation process. This discrimination greatly reduces the severity
of multipath fading. Multipath fading is not totally eliminated in using
CDMA discrimination techniques because there occasionally exists paths
with delayed differentials of less than the PN chip duration for the

30 particular system. Signals having path deléys on this order cannot be
discriminated against in the demodulator, resulting in some degree of
fading. : .

It is therefore desirable in the such communication systems that

some form of diversity be provided which would permit a system to reduce

[93)
wn

fading. Diversity is one approach for mitigating the deleterious effects of
fading. Three major types of diversity exist: time diversity, frequency
diversity, and space diversity. e
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5 CDMA by its inherent nature of being a wideband signal offers a form
" of frequency diversity by spreading the signal energy over a wide bandwidth.
Therefore, frequency selective fading affects only a small part of the CDMA

signal bandwidth. _
Space or path diversity is obtained by providing multiple signal paths

10 through simultaneous links from a mobile user through two or more base
station. Furthermore, path diversity may be obtained by exploiting the
multipath environment through spread spectrum processing by allowing a
signal arriving with different propagation delays to be received and

_processed separately. Examples of path diversity are illustrated in U.S.

15 Patent No. 5,101,501, issued March 31, 1992, entitled “SOFT HANDOFF IN A -
CDMA CELLULAR TELEPHONE-SYSTEM”, and U.S. Patent No. 5,109,390,
issued April 28, 1992, entitled “DIVERSITY RECEIVER IN A CDMA
CELLULAR TELEPHONE SYSTEM”, both assigned to the assignee of the
present invention.

20 The deleterious effects of fading can be further controlled to a certain
extent in a CDMA system by controlling transmitter power. A fade which-
decreases the power received by the base station from the mobile unit can be
compensated for by increasing the power transmitted by the mobile station.
The power control function operates in accordance with a time constant.

25 Depending on the time constant of the power control loop and the length of
time of a fade, the system may compensate for the fade by increasing
transmit power of the mobile unit. A system for base station and mobile
unit power control is disclosed in copending U.S. Patent No. 5,056,109,
issued October 8, 1991, entitled “METHQD.-AND APPARATUS FOR

30 CONTROLLING TRANSMISSION POWER IN A CDMA CELLULAR
MOBILE TELEPHONE SYSTEM”, also assigned to the assignee of the present
invention. ,

The existence of multipath can provide path diversity to a wideband
PN CDMA system. If two or more paths are available with differential path

35 delay greater than one chip duration two or more PN receivers can be
employed to separately receive these signals at a single base station or
mobile unit. Since these signals typically exhibit independence in
multipath fading, i.e., they usually do not fade together, the outputs of the
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two receivers can be diversity combined. Therefore a loss in performance
only occurs when both receivers experience fades at the same time. Hence,
one aspect of the present invention is the provision of two or more PN
receivers in combination with a diversity combiner. In order to exploit the
existence of multipath signals, to overcome fading, it is necessary to utilize a
waveform that permits path diversity combining operations to be

-performed.

A method and. system for constructing PN sequences that provide
orthogonality between the users so that mutual interference is reduced is
disclosed in U.S. Patent No. 5,103,459, issued April 7, 1992, entitled
“SYSTEM AND METHOD FOR GENERATING SIGNAL WAVEFORMS IN
A CDMA CELLULAR MOBILE TELEPHONE SYSTEM?”, also assigned to the
assignee of the present invention. Using these techniques in reducing
mutual interference allowing higher system user capacity and better link
performance. With orthogonal PN codes, the cross-correlation is zero over
a predetermined time interval, resulting in no interference between the
orthogonal codes, provided only that the code time frames are time aligned
with each other. _

The above mentioned patents and patent applications disciose a
‘novel multiple access technique wherein a large number of mobile unit
telephone system users communicate through satellite repeaters or
terrestrial base stations using code division multiple access spread spectrum
modulation that allows the spectrum to be used multiple times. The
resulting system design has a much higher spectral efficiency than can be
achieved using previous multiple access techniques.

In cellular telephone systems, a large geographic area is provided
with mobile telephone service by installing a number of base stations, each
positioned to cover a cell, and the set of cells situated so as to provide
coverage of the entire geographic area. If service demand exceeds the
capacity that can be provided by a set of base stations providing coverage
over a certain area, the cells are subdivided into smaller cells and more base
stations are added. This process has been carried out to the extent that some
major metropolitan areas have nearly 400 base stations.

In a further development of the cellular telephone idea, it is desired
to provide a number of very small cells, called microcells, which would
provide coverage of a very limited geographic area. Usually, it is considered
that such areas are limited to a single floor of an office building and the
mobile telephone service can be viewed as a cordless teleohone system that
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phone numbers. A few lines are also provided to connect the PBX system to
the public telephone system, allowing calls to be made and received between
telephones in the PBX system and telephones located elsewhere. It is
desirable for the microcell system to provide a similar level of service but

- 10 with the added feature of cordless operation anywhere within the service
area of the PBX.

In the indoor communication system environment, path delays are
typically much shorter in duration than experienced in the outdoor
communication system environment. In buildings and other indoor

15 environments where indoor communication systems are used, it is
necessary to provide a form of -diversity which enables discrimination
between multipath signals.

The primary problem solved by the disclosed invention is the
provision of a simple antenna system that provides high capacity, simple

20 installation, good coverage and excellent performance. Another problem
solved by the present invention is that it achieves the above coverage while
maintaining compatibility with the mobile cellular system-and while taking
a negligible amount of capacity away from the mobile system. This is
achieved in the disclosed invention by combining the capacity properties- of

25 CDMA with a new distributed antenna design that confines the radiation to
a very limited and carefully controlled area.

The implementation of spread spectrum communication techniques,
particularly CDMA techniques, in an indoor environment provides features
which vastly enhance system reliability . and capacity over other

30 communication systems. CDMA techniques as previously mentioned
further enable problems such as fading and interference to be readily
overcome. Accordingly, CDMA techniques further promote greater
frequency reuse, thus enabling a substantial increase in the number of
system users.
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the signal propagation pathsSUMMARY OFTHEINMENTRONS f erent phase

for each path. Thus, the notion of the nobile unit through the environment

can result in a qui apid fadin rocess For, exanple, in the 850 VHz
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be extremely qLshyp tc'oz\{geé[to o LM 8¢ antennas are fed by a common signal with only
time delay processing to distinguish signals. The transmit output of the
base station is fed to a string of antenna elements for example with a coaxial
cable. The antenna elements connect to the cable using power splitters. The
resulting signals, amplified and frequency converted as necessary, are fed to
- 10 the antennas. The salient features of this distributed antenna concept are as
follows: (1) simple and inexpensive dual antenna node design; (2)
neighboring antennas have time delays inserted in feed structure so signals
received and transmitted from neighboring antennas are distinguishable by
PN temporal processing; (3) exploitation of direct sequence CDMA's ability
15 to discriminate against multipath; and (4) creation of deliberate multipath
that satisfies discrimination criteria. -
-In the present invention, two sets of antenna cables are positioned in
parallel thus creating a series of nodes comprised of two antenna elements.
~ Signals transmitted from antennas of different antenna elements at a -
20 - common node are provided different delay paths between the base station
and the antenna. The antenna elements may comprise down conversion
circuitry thus reducing the cabling path loss between the antenna elements
and the base station and allowing the use of readily available SAW devices
as delay elements. , .

25 Another advantage is that little site specific engineering is required
for installation. Normally, antenna placement is determined only by
physical constraints, together with the requirement that every location
-desiring service must be covered by a set of two antennas. There is no
concern for the overlapping of antenna pattezns. In fact, overlapping

30 coverage is desirable in that it provides dlversxty operation to all terminals
in the overlap area. Overlap is, however, not required.

The advantages of the distributed antenna concept are clear when
.considering the inherent simplicity of the base station equipment required
to support indoor communications of the type such as cellular telephone,

35 PCS, wireless PBX, wireless local loop or wireless home extension
telephone.
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become more apparent from the detailed description set forth below when
5 taken in conjunction with the drawings:
Figure 1 is an illustration of an exemplary antenna pattern for a
distributed antenna system of the present invention;
Figure 2 is a block diagram of a basic exemplary dual element
distributed antenna system and base station interface;
- - 10 Figure 3 is a block diagram of a basic exemplary E-structure element
distributed antenna system alternative to Figure 2;
~ Figure 4 is a block diagram of an exemplary implementation of a
remote or mobile unit transceiver; |
Figure 5 is a block diagram of a basic exemplary dual element
15 distributed antenna system with an alternative base station interface;
~ Figure 6 is a block diagram of an exemplary microcell base station;
Figure 7 is a block diagram of a dual element distributed antenna
system using an active element structure;
Figure 8 is an alternative block diagram of a dual element distributed
20 antenna system using an active element structure;
Figure 9 is a block diagram of a basic exemplary dual element
distributed antenna system comprised of three parallel arrays of antennas;
Figure 10 is a block diagram of an exemplary placement of a dual
element distributed antenna system comprising a plurality of parallel arrays;
25 and _
Figure 11 is a block diagram of a dual element distributed antenna
system comprising a two parallel arrays of antennas and comprising a base
station having multiple independent receivers.

30 DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A single set of antennas and delay elements provides the most basic
implementation of the distributed antenna function. Details of the single

35 set of antennas are disclosed in U.S. Patent Application Serial No. 07/849,651
as mentioned above. However a system employing a single set of antennas

can experience service quality reductions that can be alleviated by a dual set

of antennas. A CDMA svstem, to achieve high capacity, uses a strict power
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Typically a 9

control mechanism.- Each mobile unit - transmits enough power to
communicate with the antenna with the lowest path loss to the mobile
unit. Communications with all other antennas thus have less than optimal
energy. _

5 The effects of mulnpath fading may cause a momentary degradation
of service if a mobile unit is positioned in close proximity to a first antenna
and positioned at some great distance from other antennas. Under this
condition the mobile unit transmits enough power to communicate with
the first antenna but not enough power to communicate reliably with the

- . 10 distant antennas. If under this condition the mobile unit were to abruptly
experience a severe multipath fade with respect to the first antenna, the
reduced signal level at the first antenna and the low signal level at the
distant antennas may cause a degradation in service. Communication
between the base station and the mobile unit would be sub-optimal untl

15 the power control loop increased the transmit power from the mobile unit
or until the mobile unit moved to -alleviate the multipath fading.

The sub-optimal performance created as described above can be
mitigated by placing two antennas at each node. Thus, as opposed to evenly
distributing single antennas, the mobile unit in general has similar

20 - distance, and hence path loss, between pairs of collocated antennas. If the
mobile unit is positioned in close proximity to a pair of collocated antennas
and positioned at some great distance from other antennas and the mobile
unit abruptly experiences a severe multipath fade with respect to the one of
the collocated antennas, the second collocated antenna should have

25 sufficient signal level to maintain communication with the mobile unit
without degradation. |

To obtain maximum beneﬁt from the present invention, the
collocated antennas should exhibit an independence in fading meaning that
the probability that a severe fade would occur for-both antennas at the same

30 mobile unit location is small. To achieve independent fading, a degree of
diversity between the collocated antennas is required.

One way to achieve diversity in collocated antennas is to place the
antennas some distance apart. The distance should allow the two antennas
to have substantially the same coverage area while being spaced apart

35 enough to provide independent fading. Placing two antennas at one base
statiori to obtain diversity is common practice in macrocellular systems. In
a macrocellular svstem, two antennas having relatively large coverage
areas, generally on the order of several miles, are placed at one base station.
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polarization, such as vertical and horizontal polarization. A standard
indoor environment is bounded in three dimensions. A mobile unit
within the three dimensional structure has a variety of signal paths to/from
a fixed antenna involving multiple reflections from the surfaces of the
- 10 structure. Depending on the angles involved, each reflection 6f a signal
may rotate the polarization of the reflected signal. Therefore two signals
having different polarization reflecting from the same set of surfaces form
two signal paths having different phase characteristics. Because the signals
have different phase characteristics, they also have different fading
15 characteristics. Due to this process, two collocated antennas where the
antennas have two different polarizations possess a high degree of
independence in fading even if the antennas are placed very close to one
another.
Figure 1 provides an illustration of an exemplary antenna pattern for
20 a dual set of antennas configured in accordance with the present invention.
The antenna pattern, as illustrated in Figure 1, is generated by two series of
omnidirectional antennas. Each set of antennas (30 and 35) defines an
antenna pattern 40A - 40] that is preferably overlapping with the pattern of
neighboring antennas. For example, antennas 30A and 35A define the
25 antenna pattern 40A. Neighboring antennas refer to antennas having
overlapping or contiguous antenna patterns which are not collocated
antennas at a common node. The overlapping of patterns provides
continuous antenna coverage for the desired area. The two sets of antennas
are coupled in series in an exemplary manner., The first set of antennas is
30 coupled as indicated by line 10. The second set of antennas is coupled as
indicated by line 20. The second set of antennas is approximately in parallel
with the first set of antennas such that each antenna of the first set is
collocated with an antenna of the second set.

As mentioned previously, control of signal power is an important
aspect of a CDMA telephone system in order to realize high user capacity. A
conventional omnidirectional antenna radiates a signal roughly equally in
all directions. The signal strength is reduced with radial distance from the
antenna according to the propagation characteristics of the physical
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: covered by the base station receives an adequate signal power level. Mobile
units that are closer than the edge of the cell receive a greater than adequate
signal level. Directional antennas beams can be formed using a variety of
techniques known in the art. However, the forming of directional beams
. 10 cannot alter the propagation law. Coverage of a desired area by-a signal can
be obtained by a combination of antenna pattern, antenna placement, and
transmitter power.

The use of a distributed antenna system provides the desired antenna
pattern, such as coverage of a hallway of a building, where each antenna
15 element provides limited coverage. In providing limited antenna coverage
the power necessary to reach a mobile unit within the smaller coverage area
is correspondingly reduced since propagation loss is reduced.
However, there is a problem with multiple antennas all radiating the
same signal. There may be areas, particularly near points equidistant from
20 two or more of the antennas where the signals may be received from the
two antennas that cancel each other. Points where the signal may cancel are
separated by approximately one-half wavelength. At 850 MHz this is equal
to 17.6 cm or about 7 inches. If two signals arrive at the receive antenna at
equal strength but opposite in phase, then they may so cancel. Essentially,
25 this is man-made multipath fading. As with natural multipath fading,
diversity is the best method for mitigation of fading. The CDMA system
design provides several methods of diversity for mitigation of multipath
fading. '
The above mentioned patents and coperding patent applications
30 disclose a cellular telephone system that uses a CDMA modulation with
a 1.25 MHz bandwidth, multiple forms of diversity, and very careful
transmitter power control. One method of exploiting diversity is the
- provision of a "rake” receiver architecture in which multiple receivers are
provided, each capable of receiving a signal that has traveled a different path
35 and therefore exhibits a different delay. Included is a separate searcher
receiver which continuously scans the time domain looking for the best
paths and assigning the multiple data receivers accordingly.
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communication paths to the mobile unit receiver then fading mitigation
5 through path diversity can be obtained.

In the microcell system it is desired to provide multiple antennas in
order to provide coverage in a desired coverage area but the capacity
demand for the system does not require that each antenna be supplied with
a separate set of signals as in the conventional cellular system. Instead, to

o 10 minimize the cost and complexity of the systém, it is desired to feed some or
all of the antennas in the microcell system with the same RF signals. In
areas of the microcell system where good paths are possible to two or more
of the antennas then path diversity can be obtained.

What is desired is a simple, low cost way to distinguish the signals

15 feeding the different antennas without adding significantly to the

complexity of the system. The method for so doing in the present

invention is the addition of delay elements in the feeder lines between the

base station transceiver and the antennas elements within an array of
antennas.

20 Figure 2 illustrates an embodiment using a dual set of antennas with

delay elements. Base station 100 provides signals to and accepts signals from

the antenna array comprising node 200A - 200N. Analog transmitter 120

produces the RF signal for transmission by the distributed antenna array.

The signal is split to form two signals to be transmitted by ‘the parallel paths

25 Dby splitter 160. The first transmit path is delayed by delay element 150 and

then coupled to the first receive path by combiner 140 that may be replaced

with'a duplexer. The second transmit path is directly coupled to the second

- receive path by combiner 170 that may also be replaced with a duplexer.

Combiner 180 sums the two receive paths, one-of Which has been delayed by
30 delay element 155, and analog receiver 110 accepts the combined incoming
RF signal for processing.

The combined receive and transmit signals are cabled via distribution
cables 130 and 132 to first node 200A comprising two distribution
elements 190. Each element 190 comprises coupler 192 for coupling a

35 portion of the signal between antenna 196 and a respective distribution
cable 130 or 132. Each element 190 also comprises delay element 194 for
delaying signals and providing diversity from other antenna elements on
distribution cable 130 or 132. Delay element 150 provides the diversity of
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and error detection and correction coding which is a form of
The present invention enploys each of these techniques as a

formof tinme diversity. CDMA by its inherent nature of being a
wi deband signal offers a form of frequenc¥ diversity by spreading the
energy over a w de bandw dt h. 3
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signals of collocated antennas at a common node. Delay element 194
provides time diversity of signals from neighboring antennas. To retain
complete time diversity of each neighboring antenna, the delay time of
delay element 194 should be different than the delay time of delay

~ element 150. An exemplary relationship in the delay period of delay

elements 150 and 194 is such that the delay between the base station and
every antenna in the system is different by at least one chip duration. The
difference in delay can be achieved by selecting the delay time of
element 150 to be greater than the sum of the delays in a single path (e.g. the
delay of element 150 is N times the delay of element 194). It can also be
achieved by selecting the delay time of element 150 to be an appropriate
submultiple of the delay of element 194 (e.g. the delay of element 150 is
equal to one chip duration and the delay of element 194 is two chip
durations). A second node 200B, containing like elements, is cascaded in
series with first node 200A. The set of antennas continues in this manner
for the length of the dual sets. -~

An alternative embodiment of Figure 2 is illustrated in Figure 3.
Figure 3 has an E-structure while performing the same function as the
parallel structure of Figure 2. Within base station 102, analog
transmitter 240 and analog receiver 250 are coupled by combiner 260 to
distribution cable 230. Each node in the E-structure comprises a first
coupler 212 that couples signals between distribution cable 230 and
antenna 218. A second coupler 214 couples signals between distribution
cable 230 and second antenna 222 via delay element 220. Delay element 220
is used to provide time diversity at node 210A between antennas 218
and 222. A second delay element 216 is positioned in series with cable 230
and provides diversity between nodes, e.g. between nodes 201A and 210B.
Components 212 - 222 can be rearranged within each node in a variety of
fashions to perform the same basic function, __ .-~

If the multiple antenna systems described above are provided with
delay lines in the feeders such that the signal from each antenna is at least
one chip duration delayed from its neighbors, then the multiple receiver
architecture of the mobile units allows the signal from each antenna to be
teceived separately and to be coherently combined in such a way that
cancellation does not occur. In fact, fading due to other reflections in the
environment can be greatly mitigated by the d1sclosed techmque because 2
form of path diversity is provided. -

il I ui
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5 paths. The base station receivers contain a similar capability. _

Figure 4 illustrates in block diagram form an exemplary mobile unit
CDMA telephone set. The mobile unit includes an antenna 300 which is
coupled through duplexer 302 to analog receiver 304 and transmit power
amplifier 306.

10 Receiver 304 receives the RF frequency signals from duplexer 302 for
amplification and frequency downconversion. The signals are also filtered
and digitized for providing to digital data receivers 310A - 310N along with
searcher receiver 314. .Further details of an exemplary embodiment of
receivers 304, 310A ~ 310N and 314 are illustrated in the above-mentioned

15 U.S. Patent Nos. 5,103,459 and 5,109,390.

Receiver 304 also performs-a power control function for adjusting the
transmit power of the mobile unit. Receiver 304 generates an analog power
control signal that is provided to transmit power control circuitry 308.

The digitized signal at the output of analog receiver 304 may contain

20 the signals of many on-going calls together with the pilot carriers
transmitted by the current base station and all neighboring base station. The
function of the receivers 310A - 310N are to correlate the samples with the
proper PN sequence. This correlation process provides a property that is
well-known in the art as “processing gain” which enhances the signal-to-

25 interference ratio of a signal matching the proper PN sequence while not
enhancing other signals. Correlation output is then synchronously detected
using the pilot carrier from the closest base station as a carrier phase
reference. The result of this detection process is a sequence of encoded data
symbols. e

30 - A property of the PN sequence as used in the present invention is
that discrimination is provided against multipath signals. When the signal
arrives at the mobile receiver after passing through more than one path, or
in the present invention through more than one antenna, there is a
difference in the reception time of the signal. If this time difference exceeds

35 one chip duration, then the correlation process discriminates between the
signals. The data receiver can track and demodulate either of the earlier or
later arriving signal. If two or more data receivers, typicallv three, are
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power. A fade which decreases the power received by the base station from
the nobile unit can be conpensated for by increasing the power transmtted
by the nobile station. The power control unction operates in accordance
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fade by incperdlelg the transmt power of the nobile unit. A systemfor base
242" L0020 10Dt gl ROiGTr Sl coh o6 87kt pragsonth HATELER
CONTROLLI NCcarANSPUSE! GaRAARER thil AnGDdontEn Biddnd the nominal time of a
5 received pilot signal of the base station for other multipath pilot signals.
‘Receiver 314 measures the strength of any reception of a desired waveform
at times other than the nominal time. Receiver 314 compares signal
strength in the received signals. Receiver 314 provides a signal strength
signal to control processor 316 indicative of the strongest signals.
10  Processor 316 provides control signals to data receivers 310A - 310N for each .
to process a different one of the strongest signals.
The outputs of receivers 310A - 310N are provided to diversity
combiner and decoder circuitry 318. The diversity combiner circuitry
~contained within circuitry 318 adjusts the timing of the two streams of
15 received symbols into alignment and adds them together. This addition
process may be proceeded by multiplying the two streams by a number
corresponding to the relative signal strengths of the two streams. This
operation can be considered a maximal ratio diversity combiner. The
resulting combined signal stream is then decoded using a forward error
20 correction (FEC) decoder also contained within circuitry 318. The usual
digital baseband equipment is a digital vocoder system. The CDMA system
is designed to accommodate a variety of different vocoder designs.
Baseband circuitry 320 typically includes a digital vocoder (not shown)
which may be a variable rate type. Baseband circuitry 320 further serves as
25 aninterface with a handset or any other type of peripheral device. Baseband
circuitry 320 provides output information signals to the user in accordance
with the information provided thereto from circuitry 318.
In the mobile unit-to-base station link (reverse link), user analog
voice signals are typically provided through a handset as an input to
30 - baseband circuitry 320. Baseband circuitry 320 includes an analog to digital
(A/D) converter (not shown) which converts the analog signal to digital
form. The digital signal is provided to the digital vocoder where it is
encoded. The vocoder output is provided to a forward error correction
(FEC) encoding circuit (not shown). In the exemplary embodiment the error
35 correction encoding implemented is of a convolutional encoding scheme.
The digitized encoded signal is' output from baseband circuitry 320 to
transmit modulator 322. _ e
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t he out put #xetnplagy em odlment is a 64-ary orthogonal signaling technique based

upon Walsh codes, and then modulates the encoded signal on a PN carrier

signal whose PN sequence is common amongst all mobile units, but is of a

5 different code phase offset assigned to the mobile station for the call. In the

alternative the PN sequence may be chosen according to the assigned

address function for the call The PN sequence is determined by control

processor 316 from call setup information that is transmitted by the base

station and decoded by receivers 310A - 310N and control processor 316.

" - 10 Control processor 316 provides the PN sequence information-to transmit

modulator 322 and to receivers 310A - 310N for call decoding. As a further

detail an outer PN code may be used upon the PN spread signal. Further
details on data modulation are disclosed in U.S. Patent No. 5,103,459.

Transmit modulator 322 further converts the modulated signal to

15 analog form for modulating upon an IF carrier. The IF signal output from

transmit modulator 322 is provided to transmit power control circuitry 308.

In circuitry 308 transmission signal power is controlled by the analog' power

control signal provided from receiver 304. Control bits transmitted by the

microcell base station in the form of power adjustment commands are

20 processed by data receivers 310A - 310N and provided to control

processor 316. These power adjustment commands are used by control

processor 316 in setting the power level in mobile unit transmission. In

response to these commands, control processor 316 generates a digital power

control signal that is provided to circuitry 308. Further information on the

25 relationship of receivers 310A - 310N and 314, control processor 316 and

transmit power control 308 with respect to power control is available in the

above-mentioned U.S. Patent No. 5,056,109.

Transmit power control circuitry 308 outputs the power controlled

modulated signal to transmit power amplifier circuitry 306. Circuitry 306

30 amplifies and converts the IF signal to an RF frequency. Circuitry 306

includes an amplifier which amplifies the power to a final output level.

The intended transmission signal is output from circuitry 306 to
duplexer 302. Duplexer 302 couples the Signal to antenna 300 for
transmission to the microcell base station.

35 The base station structure is similar to the mobile unit structure of
Figure 4. The preferred embodiment of the base station described below
contains elements corresponding to Figure 5 which illustrates an alternative
base station structure embodiment of the structure of Figure 2. In Figure 5
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only occurs when bot peri ence fades at the sane tine. Hence,
one aspect of the pd%ﬁ?ﬂ‘ﬁ%ﬁn is the provision of two or nore PN
receivers in conbin versity conbiner. In order to exploit the
exi stence of nultipath signals, -to overcone fading, it is necessary to
utilize a waveformthat pernits path diverity combining operations to be
performed. the mobile unit signals received by the base station for each of the parallel
paths are not combined at RF and instead are separately received and
demodulated in the base station and coherently combined as digital bits.
Separate demodulation of the two returning paths has several advantages
5 including increased 'signal to interference ratios due to the coherent
combining and less fluctuations in power control both of which lead to high
mobile unit-to-base station link capacity.
In Figure 5, the nodes and elements are identical to corresponding
elements in Figure 2. Base station 100' has a modified RF structure as

10 shown in Figure 5. Additional analog receiver 115 functions independently
of analog receiver 110 ‘with each coupled different demodulators as further
illustrated in Figure 6. Combiner 180 and delay element 155 of Figure 2
have been eliminated since there is no need for these component in this
particular embodiment. '

15 Figure 6 illustrates in block diagram form the exemplary embodiment
of a microcell base station. In Figure 6, the receiver system is comprised of
analog receiver 110 and optionally analog receiver 115 corresponding to like
components of Figures 2 and 5. The receiver system is further comprised of
independent searcher receiver 500 and digital data receivers 510A - 510N

20 associated with analog receiver 110; independent searcher receiver 515 and
digital data receivers 520A - 520N associated with analog receiver 115; and
diversity and combiner & decoder circuitry 530. It should be noted that for
the antenna implementation of Figure 2 the base station need not include
searcher receiver 515, digital data receivers 520A - 520N, and analog

25  receiver 115 The receiver system may also include associated with each
analog receiver 110 and 115 any number of digital data receivers. It should

be understood that as few as one digital data receiver (e.g. data

receiver 510A) associated with each analog receiver may be employed.

However in order to take full advantage of-the functionality of a rake

30 receiver it is preferred that two or more data receivers, e.g. typically three or

four, be employed for each antenna system. Further details of an exemplary
embodiment are provided in U.S. Patent Nos. 5,103,459 and 5, 109,390.

As illustrated in Figure 5 analog receivers 110 and 115 respectively

output a digitized version of composite signal formed from the

35 transmissions of one ot more mobile units. Searcher receivers 500 and 515

each track the multipath propagations of an individual mobile unit's

transmissions. Data receivers 510A - 510N and 520A - 520N each are

assigned to demodulate a particular multipath propagation of the
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5 data receivers 510A - 510N and 520A - 520N for tracking and demodulating
signals transmitted by other mobile units.

The microcell base station of Figure 6 includes CDMA controller 540
which is coupled to data receivers 510A - 510N and 520A - 520N along with
searcher receivers 500 and 515. CDMA controller 540 provides Walsh

" - 10 sequence and code assignment, signal processing, iming signal-generation,
power control and various other related functions.

Signals received on one of the sets of antennas are provided to analog
receiver 110 and then to searcher receiver 500. Searcher receiver 500 is used
to scan the time domain about the received signal to ensure that digital data

15 receivers 510A - 510N are tracking and processing the strongest available
time domain signals associated with a particular mobile unit. Searcher
receiver 500 provides corresponding signals to CDMA controller 540 which
in response thereto generates and provides control signals to digital data
receivers 510A - 510N for selecting the appropriate received signal for

20 processing.

Signals received on the second of the set of distributed antennas, if
used, are provided to analog receiver 115 and then to searcher
receivers 520A - 520N. Searcher receivers 515 is also used to scan the time
domain about the received signal to ensure that digital data

25 receivers 520A - 520N are tracking and processing the strongest available
time domain signals associated with a particular mobile unit. Searcher
receiver 515 provides corresponding signals to CDMA controller 540 which
in response thereto generates and provides control signals to digital data
receivers 520A - 520N for selecting the appropriate received signal for

30 processing. The output signals from receivers 510A - 510N and 520A - 520N
are then processed for optimal performance by diversity combiner &
decoder 530.

The signal processing in the base station data receivers and searcher
receivers is different in several aspects than the signal processing by similar

35 elements in the mobile unit. In the mobile unit-to-base station link
(reverse link) unlike the base station-to- mobile unit link (forward link), the
mobile unit does not transmit a pilot signal that can be used for coherent
reference purposes in signal processing at theé base station. The mobile
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' the particular base station receiver through which a single mobile unit

' communicates, the proper PN sequences must be generated. Further details

on the generation of the mobile unit signals are in U.S. Patent No. 5,103,459.

Each data receiver tracks the timing of the received signal it is

- 10 receiving. This is accomplished by the well known technique of correlating

the received signal by a slightly early local reference PN and correlating the

received signal with a slightly late local reference PN. The difference

between these two correlations averages to zero if there is no timing error.

Conversely, if there is a timing error, then this difference will indicate the

15 magnitude and sign of the error and the receiver's timing is adjusted
accordingly. -

Signals from an external or internal network, such as a private
branch exchange (PBX), are coupled to the appropriate transmit modulator
vocoder 555 under control of CDMA controller 540. Transmit

20 modulator 535 which under control of CDMA controller 540 spread
spectrum modulates the data for transmission to the intended recipient
mobile unit. Transmit modulator 535 is assigned to encode and modulate
data intended for transmission to the particular mobile unit for which
search receivers 500 and 515 along with data receivers 510A - 510N

25 and 520A - 520N are assigned. Transmit modulator 535 modulates the
vocoder data with an orthogonal code selected from a set of orthogonal
codes with the signal then modulated with a PN spreading code. The PN
spread signal is then converted to analog form and provided to transmit
power control circuitry 550. e

30 Transmit power control circuitry 550 under the control of CDMA
controller 540 controls the transmission power for the signal. The output of
circuitry 550 is provided to summer 560 where it is summed with the
output of transmit modulator/transmit power control circuits of other
channel units. The output of summer 560 is provided to the analog

35 transmit 120. Analog transmitter 120 amplifies the signal for output via the
distributed antenna for radiating to the mobile units within the base station
service area. Further details on exemplary transmitter circuitry of Figure 6
are illustrated in U.S. Patent No. 5,103,459. -
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tel ephone strahemiif paiwer control circuitry 545. Circuitry 545 under control of CDMA
controller 540 generates and controls the power of the pilot signal, the sync
channel, and the paging channel for coupling to analog transmitter 120.

5 It is implicit in the previously described embodiments of the
distributed antenna that most RF signal processing, including frequency
conversion, amplification, and filtering is performed by the analog receiver
and analog transmit circuitry within the base station. There are advantages
however to moving these functions to the antenna elements of each node

" - 10 Dby creating an active antenna element.

Figure 7 illustrates an embodiment of the active elements. Base
station 600 comprises analog receivers 605 and 635 which receive signals at
an intermediate frequency (IF) from the array of distributed antennas or
nodes 720A - 720N each comprised of a pair of active elements 705. In this

15 particular arrangement analog receiver 605 receives signals along
distribution cable 720 from a first set of active elements 705 while analog
receiver 635 receives signals along distribution cable 725 from a second set of
active elements 705. Analog transmitter 625 produces signals at an IF
frequency that is split by splitter 630 into two signals for transmission by the

20 parallel paths. Delay element 620 delays the transmit IF signal provided
upon distribution cable 722 which is intended for a first one of the set of
active elements 705 contained within nodes 720A - 720N. The
corresponding non-delayed transmit IF signal from splitter 630 is provided
upon distribution cable 722 to the second one of the set of active

25  elements 705 contained within the nodes 720A - 720N.

Active elements 705 require both dc power and a frequency reference
signal. These signal may be generated for individual active elements or the
pair of active elements in the node. A preferred method of supplying these
signals is to add them to the IF signals on distribution cables 720, 722, 725

30 and 727. Reference frequency sources 610 and 612 each produce a reference
frequency signal which is used in a phase lock loop within the
corresponding element. Preferably the reference frequency signal is within a
different frequency band than the receive IF signal to facilitate ease of
filtering at the base station and element. In the exemplary embodiment

35 adders 640 and 642 add the reference frequency signals for transmission
down cables 720 and 725. Likewise power supplies 615 and 617 supply dc
power for the active elements via adders 645 and 647 and cables 722 and 727.

It should be understood that the re_fer.'e"_n'c'e frequency signal and dc power
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internal  may be provided on either the transmit or receive distribution cables, or
other various arrangements, in accordance with the connection of elements
in elements 705. _
Each node of the distributed antenna is comprised of two active
5 elements 705. Since all elements 705 are identical, except for the cables to
which they are connected, only the function of a single element 705
connected to a pair distribution cables need be discussed. Element 705
receives the IF transmit signals on cable 722 and couples it through delay
element 650 which provides time diversity between neighboring antennas.
~ - 10 A portion of the IF transmit signal is coupled from the main path by
coupler 655.. The coupled signal is upconverted by mixer 690 for
transmission at an appropriate RF frequency. The signal is coupled to
antenna 700 via duplexer 695.
Antenna 700 also receives the signal transmitted by the mobile unit
15 and couples the signal to the receive portion of the element via
duplexer 695. The received signal is down converted to an IF signal by
mixer 675 and coupled by coupler 660 to cable 720. The signals coupled by
coupler 660 upon cable 720 is combined with the signals received by other
node elements which are delayed by delay element 665. An actual
- 20 implementation of the element may also comprise gain stages in the receive
path, for example located between duplexer 695 and mixer 675, for noise
figure considerations. Likewise the transmit path might also comprise gain
stages to increase the level of the signal at the antenna. Also filter elements
-may be added to facilitate the signal processing
25 ' Mixers 675 and 690 within element 705 must be driven by local
oscillator (LO) at an appropriate frequency. In this embodiment the LO's are
created within the element. LO 680 is a phase lock loop (PLL) that provides
the driving LO for mixer 675 and LO 685 is a PLL that provides the driving
LO for mixer 690. The reference frequency is used to lock the PLL circuits to
30 a common phase and is coupled from the receive path by low pass filter
(LPF) 670 that low pass filters the signal on cable 720 to extract the reference
frequency signal. Also dc power is coupled (not shown) from cable 722 for
all active functions performed within the element. An alternate frequency
plan may facilitate the use of a single LO.
35 The advantages of the active elements are numerous and the cost of
| the simple hardware is minimal. The active elements may be implemented
with readily available mobile unit technology. The IF signal experiences
less cable loss per foot of cable than the RF signal does and thus decreases

£
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The active element can also be implement without the frequency
conversion circuitry. Figure 8 illustrates an alternative embodiment of the
active element distributed antenna. In Figure 8 the active amplification

"+ 10 elements are added in the transmit and receive paths within the antenna
element.

In Figure 8, base station 800 comprises analog receivers 805 and 835
which receive signals from the array of distributed antennas or
nodes 920A - 920N each comprised of active elements 905. In this particular

15 arrangement analog receiver 805 receives signals along distribution cable
920 from a first set of active elements 905 while analog receiver 835 receives
signals along distribution cable 925 from a second set of active elements 905.
Analog transmitter 825 produces a signal that is split by splitter 830 into two
signals for transmission by the parallel paths. Delay element 820 delays the

20 transmit signal provided upon distribution cable 922 which is intended for a
first one of the set of active elements 905 contained within
nodes 920A - 920N. The corresponding non-delayed transmit signal from

~ splitter 830 is provided upon distribution cable 927 to the second one of the
set of active elements 905 contained within the nodes 920A - 920N.

25 Again active elements 905 require dc power to operate. As discussed

with reference to Figure 8, one method of supplying the signal is to add it to

the signals on the distribution cables. Power supply 815 supplies dc power

for the active elements as added to cable 922 by adder 845. Similarly, power

supply 817 supplies dc power for the active elements as added to cable 927 by
30 adder 847.

' Each node of the distributed antenna is comprised of two active
elements 905. Element 905 receives the transmit signal on cable 922 and
couples it through delay element 750 which provides time diversity
betiwveen neighboring nodes. A portion of the transmit signal is coupled

35 from the main path by coupler 755. The coupled signal is amplified by
amp 790 for transmission at an appropriate level. The signal is coupled to
antenna 800 via duplexer 795.
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envi ronnentcqurpleddey doapler @60 whitbe sigmalsyreceivedcby sytbhee ralemientthat bgvend
capaci tg oMderPtdihyed by delay element 765. An actual implementation of the
' element may also comprise filter elements to facilitate the signal processing.
DC power is coupled (not shown) from cable 922 for all active functions
performed within the element.
The active elements of Figure 8 may be used in an outdoor
" - 10 environment incorporating a distributed antenna. For instance, in
downtown areas having tall building spaced closely together, a single
antenna base station may not sufficiently provide consistent signal levels
over the desired coverage area. An array of antennas could be used to cover
problem areas. In such a scenario, the nodes of the distributed antennas
15 would be placed in close proximity to each other and natural propagation
paths méy not provide the necessary delay time required for separate
demodulation of the multipath signals. A distributed antenna of the
present invention would be the ideal solution in such a scenario. The
increased distance between nodes in an outdoor environment, and the
20 sequent higher power requirement for transmit and incredse in cable loss
for receive, would necessitate the use of active elements. In particular the
configuration of Figure 8 is a realistic implementation of the system.
The present invention has been presented in the exemplary
embodiments as nodes coupled in series to form an array. In the event of a
25 node failure or a fault in the interconnect cabling, nodes located in the series
connection beyond the failure or fault, with respect to the base station could
be rendered useless in the antenna system. In order to overcome this
potential- drawback nodes may be coupled in parallel or series/parallel
combination to provide continued coverage in the event of a node failure
30 or interconnect cabling fault. A series/parallel combination of nodes is
illustrated in Figure 9 which represents a modified embodiment of the
exemplary embodiment of Figure 2. New elements 930, 932, 934, and 936,
which do not correspond to elements in Figure 2, are shown external to base
station 101 however these elements could function equivalently if:
incorporated within the base station. New elements 930 and 934 are splitters
which couple the two antenna arrays to base station 101. The first antenna

(€3]
(¥]]

arrav comprised of nodes 200A" - 200N’ receives and supplies signals on
distribution cables 130" and .132'. The second parallel antenna array
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distribution cable 130" and 132" though added delay elements 932 and 936
respectively. The delay value of delay elements 932 and 936 is ideally
chosen such that each antenna in the system exhibits a different delay with
respect to the base station. ' '

| The topology presented in Figure 9 can take on a variety of
alternative forms. The nodes and elements of Figure 9 could be replaced
with the nodes and elements of Figure 3; 5, 7, or 8. Splitters 930 and 934
could couple more than two arrays to the base station. In fact in a model
parallel topology, each node of the system could be independently connected
to the base station. The base station topology also could take on a variety of
alternative embodiments. Base station 101 could be altered to contain
analog receiver 115 making this topology similar to that of Figure 5.

The placement of antennas in a system comprising a series/parallel
combination of nodes could take on a variety of forms. One placement
topology is illustrated in Figure 10. Figure 10 comprises a base station and
three parallel sets of series arrays. The topology of base station 940 is
arbitrary in this example and could be a simple variation of any base station
described herein. Each antenna node, 950A - 950N, 950A'-950N', and
950A" - 950N", is a dual antenna node in accordance with the present
invention. Antenna nodes 950A - 950N comprise the first array. Antenna
nodes 950A'-950N' comprise the second array. Antenna nodes
950A" - 950N" comprise the third array. Ideally every antenna node of
Figure 10 has a different delay with respect to the base station. The
placement of the antenna nodes in Figure 10 is illustrative of a distribution
of antennas which would provide a good deal of protection against a fault.
Instead of placing the second array after the first array and the third array
after the second, the nodes of each array are interspersed with nodes of the
other arrays. In this configuration, a fault in q_r}‘g;@rray does not necessarily
cause a complete lack of service at any point in the coverage area of the base
station. "Instead of creating a location where no service is provided, a fault
condition produces a soft failure of the system that may lower the
performance of the entire system

For a high capacity areas, a parallel or series/parallel combination of
nodes has additional advantages over the simple series connection of an
entire array. A CDMA link is limited as to a maximum number of separate

-signals that it can efficiently combine in a given communication channel. If

more than the maximum number of signals are present, the system capacity

t hus:
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commnl catlon systeml the dual set of distributed antennas

of " the present |nvent| ncept, two sets of antennas are fed by
a common signal with onIy t rre e ay processing to distinguish signals. The
transmt output of the base station is fed,to a string of antenna el enents,
for exanple with The ant e‘rﬁ‘ua el ements connect to the cable

usi ng povver éspreﬁqeéfeéia Xxfﬁeo&&ta) I'system quality is degraded. Once the signals have
been summed together, as in the case of a single series of nodes, there is no

way to separate the signals such that they can be sent to multiple receivers
and individually demodulated. The base station circuitry needs to limit the
number of signals that are transmitted to the mobile units within the range
of its antennas. Each signal transmitted by the base station increases the
noise level at every mobile unit which is not the intended destination of
the signal. By using a paralle'i or series/parallel combination of nodes and a
‘plurality of receivers and transmitters, the signal handling capability of a
10  single base station can be increased. - '

To realize an increase in system capacity at a single base station, a
system is designed in which there are at least two independent arrays. In
this case, an independent array is defined as any set of nodes where each
node has a different delay with respect to the base station and where each

15 node in the system can belong to only one array. In this scheme there is no
disadvantage to having two nodes with the same delay with respect to the
base station as long as the two nodes belong to different independent arrays.
The independent arrays are placed such that there is some area which is
covered by only one independent array. Each independent array is supplied

20  a transmit signal from a dedicated transmitter and supplies a receive signal
to a dedicated receiver. When a mobile unit is positioned in the coverage
area of only one of the independent arrays, the transmitter corresponding to
the arrays to which the mobile is not communicating may stop transmitting
signals for that mobile station and thus reduce the interference to the ather

25 mobile units. Likewise, when a mobile unit is positioned in the coverage
area of only one of the independent arrays, the receivers corresponding to
arrays to which the mobile is not communicating are free from interference
from that mobile unit. When a mobile unit is positioned in the coverage

U

area of two independent arrays, the two_tramrsmitters supply the same
30 information signal to the mobile unit but each transmitter uses a different
spreading sequence to modulate the information signal thereby increasing
the total signal received at the mobile unit while decreasing the chance of
destructive summation. Likewise when a mobile unit is positioned in the
‘coverage area of two independent arrays, the two receivers can individually
35 receive the signal and can then combine the energy from each path in the
demodulation process to provide a total increased signal level. (This
process is very similar to the process which is employed by base stations
comprised of multiple sectors in a standard CDMA cellular system.) Note



- PCT/US94/09657 :
resul ti névqs?séor?g 5s, anplified and frequency converted as necessary, are fed

to the antennas. The salient features of this distributed antenna concept
are as follows: (1) sinple and inexpensive dual antenna node design; (2)-
nei ghboring antennas have tine delays inserted in feed structure so signals
received and transmtted from nei ghbori nggant ennas are distingui shable by
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nodes conpri sed of tmp@g&éenna l ements. Sicgnal’s transmite rom ant ennas

of different antéHh&Xe RY seabogimentf Hugeconcensrsvsewryiniigane el ay
pat hs bel weerhithds liased ipdn @he configuration of Figure 8. The first antenna array

comprised of nodes 920A’ - 920N is coupled analog transmitter 825 through
cable 927', adder 847, and splitter 830. The first antenna array is also coupled
to traﬁsnxitter 825 through cable 922, adder 845, delay 820, and splitter 830.
. The second antenna array comprised of nodes 920A" - 920N" is coupled to
<. 10 analog transmitter 825" through cable 927", adder 847", and splitter 830".
The second antenna array is also coupled to analog transmitter 835 through
cable 922", adder 845", delay 820", and splitter 830".
Use of the dual sets of parallel antennas affords advantages to the
system during general operation as well as reducing the worst case effects of
15 multipath fading. The coherent combining of the separate paths within the
base station increases the signal-to-noise ratio on the mobile unit-to-base
station link. The use of the present invention also decreases power control
fluctuations of the mobile unit. Both of these factors lead to higher capacity
and improved system perfdrmance. The advantages of the collocated
20  antennas are much greater than the advantages gained by merely uniformly
placing twice as many antennas in series.
There are many obvious variations of the embodiments of
Figures 2,3,5,7,8,9,10, and 11 including the simple rearrangement of
components within each element. Actual implementation of these
25 embodiments may require power%splitting, gain, and filtering among other
functions. The previous description of the preferred embodiments is
provided to enable any person skilled in the art to make or use the present
invention. The various modifications to these embodiments will be readily
apparent to those skilled in the art, and the generic principles defined
30 herein may be applied to other embodiments without the use of the
inventive faculty. Thus, the preseht invention is not intended to be limited
to the embodiments shown herein but is to be accorded the widest scope
consistent with the principles and novel features disclosed herein.
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using digitally modulated communication signals, said base station having
4 an antenna system comprising:
a first set of spaced apart antennas;
6 a second set of spaced apart antennas, each antenna of said second set
of antennas corresponding in location to a corresponding antenna of said
8 first set of antennas; _
signal distribution means for coupling said communication signals
10  between said base station and said antennas of said first and second sets; and
delay means operatively coupled to said antennas of said first set and
12 second set and said signal distribution means for providing a predetermined
delay in said communication signals coupled between said base station and
14 said antennas. -

2. The system of Claim 1 wherein said signal distribution means
2 comprises:
first transmission cabling serially interconnecting said first set of
4 antennas and interconnecting a first one of said first set of antennas to said
base station; and
6 second transmission cabling serially interconnecting said second set
of antennas and interconnecting a first one of said second set of antennas to
8 said base station.

3. The system of Claim 2 wherein said communication signals
are generated by spread spectrum modulating information signals according
to predetermined pseudorandom noise (PN} spreading codes each

8]

4 comprised of a predetermined sequence of binary chips each of a
predetermined chip duration, and wherein said delay means comprises a
6 plurality of delay elements disposed in said cabling between adjacent
coupled ones of said antennas of said first set and between adjacent coupled
8 ones of said antennas of said second set, each delay element providing a
delay in said communication signals on an order of at least one chip
10  duration. _ e

Thls Sheet
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4, The system of Claim 1 wherein said antennas of said first set

2 have a predetermined antenna pattern with said antennas of said first set -
positioned with overlapping patterns.

5. - The system of Claim 4 wherein said antennas of said second set
2 have a predetermined antenna pattern wherein each antenna of said second
set is positioned with substantially overlapping patterns with said

4 corresponding antenna of said first set.

T 6. The system of Claim 1 wherein:
2 said signal distribution means comprises first transmission cabling
serially interconnecting said first set of antennas and interconnecting a first
4  one of said first set of antennas to said base station; and
~ each antenna of said second set of antennas is operatively coupled to
6 an antenna of said first set of antennas.
7. The system of Claim 6 said communication signals are
2 generated by spread spectrum modulating information signals according to
predetermined pseudorandom noise (PN) spreading codes each comprised
4 of a predetermined sequence of binary chips each of a predetermined chip
duration, and wherein said delay means comprises:
6 a first plurality of delay elements each disposed between an antenna
of said second set of antennas and a corresponding antenna of said first set
8 of antennas, each delay element providing a delay in said .communication
signals on an order of at least one chip duration; and |
10 a second plurality of delay elements, each disposed between adjacent
coupled ones of said antennas of said first set of antennas, each delay
12 element providing a-delay in said communication signals on an order of at
' least one chip duration. e
8. The system of Claim 6 wherein said antennas of said first set
2 have a predetermined antenna pattern with said antennas of said first set
positioned with overlapping patterns.

9. The system of Claim 8 wherein said antennas of said second set
have a predetermined antenna pattern wherein each antenna of said second

o

set is positioned with substantially overlapping _patterns W1th sa1d
4  corresponding antenna of said first set.. B
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advant ages -ef-—t-he— pr ee % || become noreé apparent fromthe
detail ed desription Mw when taken in conjunction with the
dr awi ngs: Fi gu stration of an exenplary antenna pattern
for a distributed antenna system of the present invention; Figure 2
Is a block diagram of a basic exenplary al elenent distributed antenna
system and base station interface; Figure 3 is a block diagramof a
basi ¢ .exenplary Bgstr qHeusyst@nesfQlaim 2 further comprising:

2 a third set of spaced apart antennas, each antenna of said third set of

antennas corresponding in location to a corresponding antenna of said first
4 set of antennas;
signal distribution means for coupling said communication signals
6 Dbetween said base station and said antennas of said third set of antennas;
and

8 delay means operatively coupled to said antennas of said third set and
said signal distribution means for providing a predetermined delay in said
10 communication signals coupled between said base station and said

antennas.

11.  The system of Claim 10 wherein said signal distribution means
2 comprises third transmission cabling serially interconnecting said third set
of antennas and interconnecting a-first one of said third set of antennas to

4 said base station.

‘12 In a communication system in which system users
2 communicate through a base station with remote system users, said remote
system users communicating through said base station via a radio link
4 therewith, said base staion comprising:
communication terminal means for spread spectrum modulating a
6 remote user directed information signal and providing a spread spectrum
modulated remote user directed information signal, and for receiving and
8 separately demodulating a first and second aggregate spread spectrum
modulated remote system user information signal;
10 first antenna means for receiving said plurality of spread spectrum
modulated remote system user information_sigmals, each of said spread -
12 spectrum modulated remote system user information signals of a
predetermined time delay with respect to one another, combining said
14  plurality of spread spectrum modulated remote system user information
signals to form said first aggregate spread spectrum modulated remote
16 system user information signal and providing said first aggregate spread
spectrum modulated remote system user information signals to said
18 communication terminal; and .
second antenna means for receiving a plurality of spread spectrum
_20 __modulated remote system user mformanon signals, each of said spread

l ) 0 " Il



di st ri buiveyhspgiggnna system al ternative to Figure 2; PLUAISe4/eD66T a -
bl ock di agram of an exﬁmm HL“HHIIHW ation of a remote or nobile unit
transcei ver; Fig di agram of a basic exenpl ary -dual
el enent di str| but ed ant &nna s stfemwith an alternative base station

I nterface; Figure 6 is a block diagramof an exenplary mcrocell base
station; Figure 7 is a block diagr®mof a dual elenent distributed

antenna Syspemrusmnm@@uﬁ&&dvt%eﬁh@@m stbfrlCh4lTe informatidrUgigndld SofiNa

al terngfive bl otck di aﬁ am &eﬁ Ierrent di stribut gg antenna_s stega
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paral | g} arsfgq}'aﬁs % RO second aggregate spread spectrum modulated remote
system user information signal and providing said second aggregate spread

26 spectrum modulated remote system user information signals to said
communication terminal.

13.  The system of Claim 12 wherein said first antenna means and

2 said second antenna means each comprises: ’

a plurality of spaced apart antennas;
4 signal distribution means for coupling said spread spectrum
modulated remote user directed information signal from said
6 communication terminal means to each of said antennas; and

delay means operatively coupled to said antennas and said signal
8 distribution means for providing a different predetermined delay in said
spread spectrum modulated remote user directed information signal as

10 coupled by said signal distribution means to each of said antennas.

14. The system of Claim 13 wherein said spread spectrum
2 modulated remote user directed information signal is generated by direct
sequence spread spectrum modulating said remote user directed
4 information signal with a pseudorandom noise (PN) spreading code
comprised of a predetermined sequence of binary chips each of_a

6 predetermined chip duration.

15.  The system of Claim 14 wherein said delay means comprises a
2  plurality of delay elements each operatively coupled to a respective one of
said antennas, each delay element providing a delay in said spread spectrum
4 modulated remote user directed information~signal, with each delay
different from one another by an order of at least one chip duration.

16. In the communication system of Claim 12 wherein said remote

LS

system users communicate with said system users and other remote system
users through said base station by transmitting said spread spectrum
4 modulated remote system user information signals to said base station for
transfer to intended recipient system users and remote system users.
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di stri buted antenna mfzﬂm Mug a plurality of parallel arrays; and
Figure 11 is a bl oc | elenment distributed antenna system

conprising a two parall el arrays of* ant ennas and conprising a base station
having nmul ti pl e i ndependent receivers. DETAI LED DESCRI PTI ON OF THE
PREFERRED EI\/BCﬁIll\/EI\ﬂ'S A single set of
antennas and del &f- el RehescoRBUNieaiqmsystes ob&daim i lpwhereinasaidrresnotehe

di stribut edspstesitaets| BohnhicAR! WithSsAlH system users and other remote system
users through said base station by transmitting said spread spectrum
4 modulated remote system user information signals to said base station for

transfer to intended recipient system users and remote system users.

18. The system of Claim 12 wherein said spread spectrum
2 modulated remote user directed information signal is generated by direct
sequence spread spectrum modulating said remote user directed
~ - 4 information signal with a pseudorandom noise (PN) spreading code
comprised of a predetermined sequence of binary chips each of a

6 predetermined chip duration.

19.  The system of Claim 16 wherein said spread spectrum

2 modulated remote user directed information signal is generated by direct

sequence spread spectrum modulating said remote user directed

4 information signal with a first pseudorandom noise (PN) spreading code

comprised of a first predetermined sequence of binary chips each of a first

. 6  predetermined chip duration and said spread spectrum modulated remote

system user information signal is generated by direct sequence spread

8 spectrum modulating a remote system user information signal with a

second pseudorandom noise (PN) spreading code comprised of a second

10  predetermined sequence of binary chips each of a second predetermined
chip duration.

20. The system of Claim 17 wherein said spread spectrum
2 modulated remote user directed information signal and said spread
spectrum modulated remote system user information signal are generated
. 4 Dby respectively direct sequence spread spectrum modulating said remote
user directed information signal and said remete“system user information
6 signal with a pseudorandom noise (PN) spreading code comprised of a
predetermined sequence of binary chips each of a predetermined chip

8 duration.

21.  The systern of Claim 15 wherein said signal distribution means

(£

comprises a cabling svstem interconnecting in series said communications
terminal and said antennas.
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the single set o hqpl osed in U S. Patent No. 5,280,472
i ssued ' Iﬂ!‘iﬂ!}ﬂﬁ!ﬁ“ﬂllr“ﬂm as nmentioned above .
However a system i S gl e set of antennas can experience service
quality reductions that can be alleviated by a dual set of antennas. A CDVA

system to achieve high capacity, uses aggtrict power
| 22, The system of Claim 15 wherein said signal distribution means
2 comprises: - |
a primary antenna coupled to said base station; and
4 a plurality of secondary antennas electromagnetically coupled to said
| primary antenna, with each secondéry antenna coupled to a corresponding
6 one of said antennas and respective one of said delay elements.

23.  The system of Claim 13 wherein said plurality of spaced apart
2 antennas comprises omnidirectional antennas.

24.  The system of Claim 13 wherein said plurality of sr:aaced apart
2 antennas comprises directional antennas.

25. The system of Claim 24 wherein said at least one of said
2  plurality of spaced apart antennas is an omnidirectional antenna.

26.  The system of Claim 13 wherein said plurality of spaced apart
2 antennas comprises polarized antennas.

27.  The system of Claim 13 wherein said plurality of antennas of
2 first antenna means comprises vertically polarized antennas and said
plurality of antennas of second antenna menas comprises horizontally

4 polarized antennas.

28. A communication system for facilitating the communication

2  of information signals between users of said communication system, and

between users of said communication system and users of an external

4 network, wherein certain users of said communication system use remote

terminals to communicate within said communication system, via a radio

6 link with a base station, using code division multiple access communication

signals, said system comprising: T

8 communication terminal means for receiving and direct

sequence spread spectrum modulating an information signal

10 intended for a recipient remote terminal user with a

pseudorandom noise (PN) spreading code comprised of a

12 - predetermined sequence of binary chips each of a
predetermined chip duration time;

14 first antenna means comprising multiple elements for,

S TCRIVING said spread spectrum modulated information signal,
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time with respect to one another by at least one chip duration
20 time; and |

second antenna means comprising multiple elements

2 for, receiving said spread spectrum modulated information
signal, providing multiple radiations of said spread spectrum

24 modulated information signal with each radiation of said

- spread spectrum modulated information signal delayed in
26 time with respect to one another by at least one chip duration

time wherein each of said elements of said first antenna means

28 is collocated with an element of second antenna means

forming a node.

29.  The system of Claim 28 wherein said first and second antenna
2 means each comprises:
a plurality of spaced apart antennas, each antenna corresponding to a
4 element of said antenna means;
signal distribution means for coupling said spread spectrum
6 modulated information signal from said communication terminal means
to each of said antennas; and
8 delay means operatively coupled to said antennas and said signal
distribution means for providing one or more chip duration time'dela)f in
10 said spread spectrum modulated information signal as coupled by said
signal distribution means to each of said antennas.

30. The communication system of Claim 29 wherein each of said
2 elements comprises frequency conversion means for receiving said spread
spectrum modulated information signal“‘aﬁ’dh producing said spread

4  spectrum modulated information signal at radio frequency.

31.  The communication system of Claim 29 wherein each of said
2 elements comprises means for amplifying said information signal.

32. In a digital communication system where signals intended for
transfer to a receiving terminal are transmitted from a transmitting
terminal as digitallv modulated signals, wherein said receiving terminal in

(X%

4 receiving multipath propagations of each digitally modulated signal

I
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10 least said minimum predetermined time difference with respect to another

upon reception at said receiving terminal, said method comprising the steps

12 of:
providing a plurality of spaced apart dual antenna elements;
= 14 providing from said transmitting terminal a communication signal
to each of said antennas; |
16 providing a different predetermined delay in said communication
signal as provided to each of said dual antennas elements; and
18 providing a different predetermined delay in said communication

signal as provided to each antenna of said dual antenna elements.

33.  The method of Claim 32 wherein said communication signals
2  in said transmitting terminal are generated by spread spectrum modulating
said signals intended for transfer according to a pseudorandom noise (PN)
4 spreading code comprised of a predetermined sequence of binary chips each
of a predetermined chip duration, and wherein, said step of providing said
6 different predetermined delay in said communication signal as provided to
each of said dual antenna elements comprises providing a delay on the

8 order of at least one chip duration. '

34. In a communications system in which an information signal is

2 modulated at a first station with a pseudorandom noise (PN) code,
comprised of a predetermined sequence of code chips each of a

4 predetermined time duration, with said PN modulated noise signal
modulated upon a carrier for transmission, a1t antenna system comprising:

6 a plurality of antennas coupled in series and coupled to said first
station; _ _
8 a plurality of delay elements each disposed in series between adjacent

coupled ones of said antennas;
10 a first station delay coupled to said first station;
. a secondary plurality of antennas coupled in series and coupled to
12 said first station delay, each of said second plurality of antennas positioned
with a corresponding one of said first plurality of antennas; and

UL



uni t abr ultQ §5Hker i Ghischest HEBBEEES gyl ijpath fade with r esp@CEYS§40965he of
t he coll ocat ed ant ennas ocﬁjocat ed antenna shoul d have .
,ﬂom‘runi cation with the nobile unit

wi t hout degradati on. m’”W@Eﬂ maxi mum benefit fromthe present

sufficient signal |evel
I nvention, the collocated antennas shoul 5exhibit an i ndependence in

fadin aning that__the.probgabilit hat,”a severe fad ul d occur for
both gnﬁgnnasgat he S g\ﬁ%&lyr@ @ 1%%?{ qa%éiét ?lﬁﬁ“?%tssﬁﬁ&l‘\.l\g"woée i By Series

i ndependent Hefdieeg, adjadent eeupled dhescofbaid brterens dfhaidaddcondhep plataipas
is requigged.of antennatne® Way to achieve diversity in collocated antennas’is
to place the antennas sone di stance apart. The di stance shoul d al | ow the
two antennas to have substantially the same coverage area while being
spaced apart 35.  The system of Claim 34 wherein at least one of said plurality of

2 antennas comprises an omnidirectional antenna.

36.  The system of Claim 34 wherein at least one of said plurality of
2 antennas comprises a directional antenna.

37.  The system of Claim 34 wherein each of said delay elements of

2 said first and second plurality of delays provides a delay of at least twice said

predetermined time duration of said code chips and said first station delay

4 provides a delay on the order of said predetermined time duration of said
code chips. |

38.  The system of Claim 35 wherein each of said delay elements of

2 said first and second plurality of delays provides a delay of at least said

predetermined time duration of said code chips and said first station delay

4 provides a delay on the order of the sum of said delays of said first plurality
of delay elements. '

39.  The system of Claim 34 wherein said plurality of antennas and
2 said second plurality of antennas comprise omnidirectional and directional
antennas positioned with overlapping patterns.

40. The system of Claim 34 wherein said plurality of antennas
2 comprises polarized antennas with a first polarization and wherein said
second plurality of antennas comprises :polarized antennas with a second

. 4 polarization.

bt o T et

41.  An antenna system for transmitting and/or receiving a spread
2 spectrum modulated information signal wherein said spread spectrum
modulated information-signal is generated by spread spectrum modulating
4 an information signal with a pseudorandom noise code comprised of a
~ predetermined sequence of code chips each of a predetermined chip
6 duration, said antenna system comprising:
a first set of serially coupled antenna elements;

[y
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enough ty 6’9??% n‘ﬁdepmdlaaBeéraRlemn@ed Pl acing two antennas at one base

statl onto obtal n div n practice .in macrocel lul ar systens..
a macrocel | ul ar syste s having relatively |arge coverage
areas, generally on t r several mles, are placed at one base
station. 36

8 - a second set of serially coupled antenna elements, each antenna of

said first set collocated with an corresponding antenna of said second set;
10 a set of delay elements positioned such that a least one delay.element
is interposed between each of said antenna elements of said first and second
12 sets; and
an additional delay coupled in series with said second set of antenna
14 elements such that every signal received and transmitted by said second set
of antenna elements is delayed thereby.

- 42.  The antenna system of Claim 41 wherein each antenna
2 element comprises means for frequency converting said spread spectrum
modulated information signal.

43. The antenna system of Claim 41 wherein each antenna
2 element comprises means for amplifying of said spread spectrum
modulated information signal.

—

44. An antenna system for transmitting and/or receiving a spread
2 spectrum modulated information signal wherein said spread spectrum
modulated informat_ioh signal is generated by spread spectrum modulating
4 an information signél with a pseudorandom noise code comprised of a
predetermined sequence of code chips each of a predetermined chip
6 duration, said antenna system comprising:
a set of delay elements, each delay element providing a delay time on
8 the order of a multiple of one chip duration in length; ' -
a set of antennas;
10 a system of cabling coupling said antennas and said delay elements in
a serial string, wherein each of said delay elements is coupled between
12 predetermined pairs of said antennas;
| a second set of delay elements, each delay-element providing a delay
14 time on the order of multiple of one chip duration in length;
a second set of antennas, each antenna of said second set collocated
16 with an antenna of said first set;
a initial delay element having a delay time on the order of one chip
18  duration in length; and
a second system of cabling couplmg said second set of antennas and
20 each of said second set of delay elements in a serial string, wherein each
delay element of said second set of delay elements is coupled between

) 0 O



. Typi cal | yW(mSIQmG%nrﬂabls§h ?‘ 910 to 20 wavel engt hECTABBHD9687 to 12
feet at -the nost commn \‘ d for cellular conmunications) apart
to obtain path diversi t ependence in fading. A second
met hod to achi eve dlverS|ty in collocated antennas is to provide each
antenna of a set of collocated antennas with a different polarization, such
as vertical and horizontal polarization. #7 st andard i ndoor environnent is

bounded %2n tPredeterminedi PRiss OA saisbiantennsistand wrereimesaichinitialiidebays elemagnt

structure hag @ Waqﬁ;geg@ssthgf@{mﬂat hs to/froma fixed antenna involving
multiple reflections fromthe surfaces of the structure. Depending on the

angl es involved, each reflection of a signal o
45.  An antenna system for transmitting and/or receiving a spread

2 spectrum modulated information signal coupled to a base station wherein
said spread spectrum modulated information signal is generated by spread
4 spectrum modulating an information signal with a pseudorandom noise
code comprised of a predetermined sequence of code chips each of a
6 predetermined chip duration, said antenna system comprising:
- a set of delay elements, each delay element providing a delay time on »
8 the order of a multiple of one chip duration in length;
a first set of antennas, each having an antenna coverage area;
10 a system of cabling coupling each of said antennas of said first set to
said base station and coupling one said delay elements between said base
12 station and at least one antenna of said first set;
a second set of delay elements, each delay element providing a delay
14 time on the order of a multiple of one chip duration in length;
a second set of antennas, each having an antenna coverage area, and
16  wherein each particular antenna of said second set of antennas corresponds
to a particular antenna of said first set in that the antenna coverage area of
18  said particular antenna of said first set and the antenna coverage area of said
particular and antenna of said second set are substantially the same; and
20 a second system of cabling coupling each of said antennas of said
second set to said base station and coupling one said delay elements between
22  said base station and at least one antenna of said second set such that each
- antenna of said second set has a different delay with respect to said base
24  station than said corresponding antenna of said second set of antennas with
respect to said base station.

46. In a digital communication sy"s'fﬁifxy in which at least one
2 remote terminal communicates with other terminals through a base station
using digitally modulated communication signals, said base station having
4 an antenna system comprising:
a first set of spaced apart antennas;
6 a second set of spaced apart antennas, each antenna of said second set
of antennas corresponding in location to a corresponding antenna of said
8 first set of antennas; '

T I



may r ot atWOIEe63§s|i tiris S&teltaas Béentmeae&flect ed signal. Ther ef BFEUBHP gnal s
havi ng different poI cting fromthe same set of surfaces form -
two signal paths haV| Baljghase characteristics. Because the ’ :
signal s have different p teristics, they also have different

fadi ng characteristics. Due to this procsg two col |l ocated antennas where
ons

t he antennas have t L ff.erent Iarl possess a high degree of
i ndependence in $& \Aﬁﬁfjévgﬂ‘“il?nt aaﬁt SRFUPAHE é?&ieﬁ?‘%’aﬂmﬁﬁ%@é signalse

anot herl0  betweeRi sid ebaﬁ? Btalmrd&ﬁd@@ch'a'nlﬂéiﬂaﬁbf @ﬁdoﬁrsaﬁﬂ@(@tbhars\éttfﬁhﬂ””a
attern for a du ant ennas, con red in acc e
IE;resent i nvent i o%é i‘ gﬂf é)rPﬁéaBX?ltye?‘?’rlplgé in; §qrt?§tWé gag Oﬁlsgiﬂb gnignras
gener atldd 15f said first and sekondrsets ardtsaih aigrabidistritautidranteasstfopfprovidingas
(30A-J and Bpfedétetflin@BSdBly in said communication signals between said base

14 station and each antenna of said first and second set.

47.  An apparatus in a digital communication system in which at
2 least one remote terminal communicates with a base station using dxgltally
- modulated communication signals, said apparatus comprising:

4 a base station having at least two independent receivers;
a first set of spaced apart antennas;
6 a second set of spaced apart antennas, each antenna of said second set

of antennas corresponding in location to a corresponding antenna of said
8 - first set of antennas thereby forming a first aggregate antenna pattern;
first signal distribution means for coupling said communication
10  signals between a first one of said at least two independent receivers of said
base station and said first and second sets of antennas;
12 first delay means operatively coupled such that each antenna of said
first set of antennas and said second set of antennas exhibits a different delay
14  with respect to said first one of said at least two independent receivers of
said base station;
16 a third set of spaced apart antennas;
a fourth set of spaced apart antennas, each antenna of said fourth set
18  of antennas corresponding in location to a corresponding antenna of said
third set of antennas thereby forming a second aggregate antenna pattern;
20 second signal distribution means for coupling said communication
signals between a second one of said at least two independent receivers of
22 said base station and said first and second sets of antennas; and
second delay means operatively couplé‘d'"fs'l;ch that each antenna of
24  said third set of antennas and said fourth set of antennas exhibits a different
delay with respect to said second one of said at least two independent
26  receivers of said base station and such that a particular antenna of said third
set of antennas and a particular corresponding antenna of said fourth set of
28 antennas exhibits a different delay with respect said base station than a
particular antenna of said first set of antennas and a particular
30 corresponding antenna of second set of antennas having a corresponding
first aggregate antenna pattern overlappmg a corresponding second

Hlll"l IIIII! l"ll ] Il I"!



ant enna p3Q LAE3GH0A - ,40\;\ t ferably overl appi ng V\,ilﬁ?"???é"“g%sﬂt ern
of nei ghboring ant ent3§3

t is pr
?acﬁf‘utennas 30A and 35A define the
antenna pattern 40A. Ne l Hnnas refer to antennas having
over | appi ng or contiguo terns which are not coll ocated

antennas at a common node. The overl appi ngzgpf patterns provides continuous
ant enna ver i r . t.s n r upd ed
" sor; eSh n Sprepile Aol Haffei S gl BalBAF ulad UE B A, 6401

i ndi cat ed by amteanas. amfiea spardicarlarcoofespondingantenneupf eaidsfaurti et cof by
line 20. 3lhe seepMdsset of antennas is approximately in parallel with the
first set of antennas such that each antenna of the first set. is
collocated with an antenna of the second set. As menti oned
previously, control of signal power is an inportant

"
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" aspect of WOSHRMRG? e ephone systemin order to realize hi ghPﬂ&S%’%ﬂ?ﬂ:i ty. A

conventional omidirectional antenna radiates a signal roughly equal in
-all directions. The signal strength is reduced with radial distance from
the antenna according to the propagati on characteristics of the physical
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envi r onmey P 250G} propagati on characteristics may vary frdT v erss second

power to inverse 5.5 power |aw of the radial distance between the nobile

- unit and the fixed antennas. A base station that is designed to serve
a certain radius nust transmt at a 2Aflfici ent power |evel so that a nobile
unit at the edge of the cell covered by the base station receives an
adequat e signal poweT [evel . MbbiTe umtsS fhal are closler than the edge of
the cell receive a greater t hlan _adequate signal |l evel. Directional antenna

beans can be forned usjing a i etly of tgchniqy kngwn in the art.
However, the fornZng of dir¢ckjlondl beans ~ l
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cannot alY’8P5’P?%85pr opagation | aw. Coverage of a desired area by a signal

can be obtained by a conbination of antenna pattern, antenna placenent, and
- transnitter power. The use of a distributed antenna system provi des
the desired antenna pattern, such as coverage of a hallway of a building,
where each antenna el enent provi des j/ilrl‘n ted coverage. In providing limted
ant enna coverage the power necessary t0 reach a nobile unit wthin the
smal |l er coverage area is correspandingly reduced since propagation loss is
reduced. However, thereg is a problemwt Ml tiipl e antennas all
radiating the sane signal. There may be areas, |parfti¢ularly near points
equi distant fromtwo or nore jof the antennas wheLe i gnals may be
received fromthe two antennas that cancel eac ther .©Poi nts where the

signal may cancel are o~
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separat ed by approxi mately one-half wavelength. At 850 Mz RFIUSMO9%Fual to

17.6 cmor about 7 inches. If tw signals arrive at the receive antenna at
‘equal strength but opposite in phase, then they nay so cancel. Essentially,
this is man-made nultipath fading. As with natural mnultipath fading,
diversity is the best nethod for mtigat#fll of fading. The CDVA system

desi gn provi des several nethods of diversity for mtigation of nultipath

f adi ng. The above nentioned patents and copendi ng patent applications
di sclose a cellular tel ephone systemthat uses a CDVA nodulation with a
1.25 Mz bandwi dth, nultiple forns of diversity, and very careful
transmtter power control. One nethod of exploiting diversity is the

provi sion of a "rake" receiver archltectufg3hg which nultiple receivers are
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" provi ded, %%&ﬁﬁ“‘é%ﬁpam e of receiving a signal that has travle’ﬁglgs%‘mgﬁ-’ferent
-——path—-and-therefore exhibits a different delay. Included is a separate

. her recejiver which continuously scans the tine domain |ooking for the
This GRS R Boe c3£signing the nultiple data receivers accordingly.
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12 Anot her nethod of diversity is path diversity. |n BSTSHAET ¢y,

t he-si-gnal i s-radi-ated frommnultiple antennas, providing nore than one
fceéwo or nore antennas can provide acceptable

pr opa i :
con ,ngﬁe ?ﬂa?@éem % ‘ato the nobile unit r/eﬁei ver then fading mtigation
througmﬂ ‘I!']Hmar ty can be obtai ned. 6 In the mcrocell systemit is

desir ltiple antenfias T _oraderp+80Qrovi de coverage in a
desired coverage area but the caphSBARGHRER Lor the system does not
require that each antenna be|supp| iRBCBIVER: keparate pet of signals as in
the conventi onBEROMI | ul ar syst em “trsteas—t+o s1gANi ze| the cost and
conpl exi tANGENNA SYSTEM it |is desigy faéd sone of all of the antennas
in the m'crocellﬁystemwith thg b ATy Amgnpls. I'n
e
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- areas of WRIMHS)Teissh cgood paths are possi bl S or nore
of the antennas then ;{ can be obt ai ned. What is desired
.is a sinple, |ow cost gui sh the signals feeding the different
antennas w thout adding significantly to the conplexity of the system The
met hod for so doing in the present inv.ﬁiai on is the addition of delay
elenments in the feeder |ines between t base station transceiver and the
ant ennasrel-enent-s w t-Ri A~ anR af r-ay—of—ant erNas.— — — F gor e- 2— I—Euérat es
an enbodl ment using a dual sef 0f anpgnnas|wi th de[ay elengnts.| Ba

station QO provides signals to an @rcept gSsi gnab fro an} énfh array
conpri si node 200A - 200N. Anal o ansrrg‘t er D prod § the| si gnal
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The signal is sp

pat hs by splltter 160
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13 signal sS85 0cat ed antennas at a cormon node. Del ay KBS0
provi des tine diversity of signals from nei ghboring antennas...To retain
conpl ete tinme diversity of each nei ghboring antenna, therdel ay ti me of-
del ay el enment 194 shoul d be different than the delay ti m£’ he éHiaz)Be@
150. An exenplary relationship in the delay period of del a

and 194 is such that the del ay betweel)/lthe base station a

in the systemis different by at |east oneZchip duration. The di

del ay can be achieved by selecting the delg tine of element 150 to be
greater than the sumof the delays in a sifgle path (e.g. the delay of
el ement 150 is N tines the delay of el enent 4). It can also be
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-achi eved WOHPEEI i ng the delay tine of el enent 150 to be EFTASRVYET ate
subnul tipl e of the—del-ay “of el'enent 194 (e.g. the delay of element 150 is

-equal to one chip duraii.0BeaWedidtec del ay of element 194 is two chip
durations). A sec containing like elenents, is cascaded in
series with fi rstOH ﬁ) !H set of antennas continues in this manner

for the length of Ad/1d| t ernati ve enbodi ment of Figure
2 is illustrated in Figure 3. Figure 3 has an E-structure while performng
the same function as _the parallel structure of _Figure_2._ Wthin base

station 102, andl qgtransnitter1240 and anal of receiver 250 ate coupl ed by
conbi ner 260 tojdifstrEHN, i on at%f 230. Each podeyifp [Rhe @-%t ucture
conprises a fir?mc_g & P2Zatihay coupl es si?mila g Rger i?_ i bution
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I. Field of the Invention

The present application is a continuation-in-part application of

. copending U.S. Patent Application Serial No. 07/849,651, filed March 9, 1992,

entitled "CDMA MICROCELLULAR TELEPHONE SYSTEM AND
DISTRIBUTED ANTENNA SYSTEM THEREFOR" which is a continuation
of U.S. Patent Application Serial No. 07/624,118, filed December 7, 1990, of
the same title, and as such also relates telephone systems. The present
invention relates to communication systems, particularly indoor
communication systems including cellular telephones, personal

' communication services (PCS), wireless private branch exchange (PBX) and
wireless local loop telephone systems. More specifically, the present
invention relates to a novel and improved distributed antenna system for
microcellular communication systems to facilitate indoor communications
using spread spectrum signals.

1L f)escription of the Related Art |

The use of code division multiple access (CDMA) modulation
techniques is one of several techniques for facilitating communications in
which a large number of system users are present. Other multiple access
communication system techniques, such as frequency hopping spread
spectrum, time division multiple access (TDMA), frequency division
multiple access (FDMA) and amplitude modulation schemes such as
amplitude companded single sideband (ACSSB) are known in the art.
However the spread spectrum modulation technique of CDMA has
significant advantages over these modulation techniques for multiple access
communication systems. The use of CDMA techniques in a multiple access
communication system is disclosed in U.S. Patent No. 4,901,307, issued
February 13, 1990, entitled “SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL
REPEATERS", assigned to the assignee of the present invention, of which
the disclosure thereof is incorporated by reference.
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In the just mentioned patent, a multiple access technique is disclosed
where a large number of mobile telephone system users each having a
transceiver communicate through satellite repeaters or terrestrial base
stations (also referred to as cell-sites stations, cell-sites, or for short, cells)
using code division multiple access (CDMA) spread spectrum
communication signals. In using CDMA communications, the frequency
spectrum can be reused multiple times thus permitting an increase in
system user capacity. The use of CDMA results in a much higher spectral
efficiency than can be achieved using other multiple access techniques.

The terrestrial channel experiences signal fading that is characterized
by Rayleigh fading. The Rayleigh fading characteristic in the terrestrial
channel signal is caused by the signal being reflected from many different
features of the physical environment. As a result, a signal arrives at a
mobile unit receiver from many directions with different transmission
delays. At the UHF frequency bands usually employed for mobile radio
communications, including those of cellular mobile telephone systems,
significant phase differences in signals traveling on different paths may
occur. The possibility for destructive summation of the signals may result,
with on occasion deep fades occurring.

Terrestrial channel fading is a very strong function of the physical
position of the mobile unit. A small change in position of the mobile unit
changes the physical delays of all the signal propagation paths, which
further results in a different phase for each path. Thus, the motion of the
mobile unit through the environment can result in a quite rapid fading
process. For example, in the 850 MHz cellular radio frequency band, this
fading can typically be as fast as one fade per second per mile per hour of
vehicle speed. Fading this severe can be extremely disruptive to signals in
the terrestrial channel resulting in poor communication quality.
Additional transmitter power can be used to overcome the problem of
fading. However, such power increases effect both the user by excessive
power consumption, and the system by increased interference.

The direct sequence spread spectrum CDMA modulation techniques
disclosed in U.S. Patent No. 4,901,307 offer many advantages over narrow
band modulation techniques used in communication systems emplovinz
satellite or terrestrial repeaters. The terrestrial channel poses spec:ai
problems to any communication system particularly with respect o
multipath signals. The use of CDMA techniques permit the specizi
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filtered .hannel can be used for communication by all base stations. Typically a
FDMA scheme is used where one frequency band is used for
communications from the base stations to the remote or mobile stations
(forward link) and another for communications from the remote or mobile
stations to the base stations (reverse link). The CDMA waveform properties
that provide processing gain are also used to discriminate between signals
that occupy the same frequency band. Furthermore the high speed
pseudonoise (PN) modulation allows many different propagation paths to
be separated, provided the difference in path delays exceed the PN chip
duration, i.e. 1/bandwidth. If a PN chip rate of approximately 1 MHz is
employed in a CDMA system, the full spread spectrum processing gain,
equal to the ratio of the spread bandwidth to system data rate, can be
employed to discriminate against paths that differ by more than one
microsecond in path delay from each other. A one microsecond path delay
differential corresponds to differential path distance of approximately 1,000
feet. The urban environment typically provides differential path delays in
excess of one microsecond, and up to 10-20 microseconds are reported in
some areas. '

In narrow band modulation systems such as the analog FM
modulation employed by conventional telephone systems, the existence of
multiple paths results in severe multipath fading. With wideband CDMA
modulation, however, the different paths may be discriminated against in
the demodulation process. This discrimination greatly reduces the severity
of multipath fading. Multipath fading is not totally eliminated in using
CDMA discrimination techniques because there occasionally exists paths
with delayed differentials of less than the PN chip duration for the
particular system. Signals having path delays on this order cannot be
discriminated against in the demodulator, resulting in some degree of
fading. _

It is therefore desirable in the such communication systems that
some form of diversity be provided which would permit a system to reduce
tading. Diversity is one approach for mitigating the deleterious effects of
fading. Three major types of diversity exist: time diversity, frequency
diversity, and space diversity.

Thisz I \he replacement sheet

18 Jan B

Date:



* sear cher rece

and digiti 28 268y di gital data receivers 310A - 310N and
er details of an. exenplary enbodi nent of
receivers 304 nd 314 are illustrated in the above-nentioned

US. Pat ent Nos. 5 103 459 and 5, 109, 390. Recei ver 304 also perforns a
power control function for adjusting tHe transnit power of the nobile unit.
Recei ver 304 dJdme atieersaty ezl byt pmevebtzioedr by hegnaé dfhaa petitigm,otiirceed t o

ucport | (RETaiRBL LBk SHEHetdXiolBne correotlOE e F}al‘r%?”?m"ao?%he
calls tog'ephanONt Ahehprgsenhbtingantivar emplays wath eaf thesehtechniques abase

station ?gﬁ.n gm% gg base station. The function of the receivers
310A - 3 are corre‘l te the sanples with the proper PN sequence.. This
correl ation prG@é@é byt v iinkereat matpes of beingta mideband signal offers a form

of frequency diversity by spreading the signal energy over a wide bandwidth.
Therefore, frequency selective fading affects only a small part of the COMA
signal bandwidth.

Space or path diversity is obtained by providing multiple signal paths
through simultaneous links from a mobile user through two or more base
station. Furthermore, path diversity may be obtained by exploiting the
multipath environment through spread spectrum processing by allowing a
signal arriving with different propagation delays to be received and
processed separately. Examples of path diversity are illustrated in U.S.
Patent No. 5,101,501, issued March 31, 1992, entitled “SOFT HANDOFF IN A
CDMA CELLULAR TELEPHONE SYSTEM”, and U.S. Patent No. 5,109,390,
issued April 28, 1992, entitled “DIVERSITY RECEIVER IN A CDMA
CELLULAR TELEPHONE SYSTEM”, both assigned to the assignee of the

~ present invention. |

The deleterious effects of fading can be further controlled to a certain
extent in'a CDMA system by controlling transmitter power. A fade which
decreases the power received by the base station from the mobile unit can be
compensated for by increasing the power transmitted by the mobile station.
The power control function operates in accordance with a time constant.
Depending on the time constant of the power control loop and the length of
time of a fade, the system may compensate for the fade by increasing
transmit power of the mobile unit. A system for base station and mobile
unit power control is disclosed in copending U.S. Patent No. 5,056,109,
issued October 8, 1991, entitled “METHOD AND APPARATUS FOR
CONTROLLING TRANSMISSION POWER IN A CDMA CELLULAR
MOBILE TELEPHONE SYSTEM”, also assigned to the assignee of the present
invention.

The existence of multipath can provide path diversity to a wideband
PN CDMA system. If two or more paths are available with differential path
delay greater than one chip duration two or more PN receivers can be
employed to separately receive these signals at a single base station or
mobile unit. Since these signals typically exhibit independence in™
multipath fading, i.e., they usually do not fade together, the outputs of the

This is the replacement sheet

18 I oy

Date:



ThlsShet : : : ,
vveI | - known) [ENmItEs B ceBrocesm ng gai n" which enhances the signal-to-
° nterferen l signal matching the proper PN sequence while not
enhanci ng Correl ation output is then synchronously detected

usi ng the pi I ot carrier fromthe cl osest base station as a carrier phase
reference. The result of this detectionsprocess is a sequence of encoded

data synbol,s, rﬁcew%:s & PHRPE ey it cto'?x‘?bﬂg Se"]"i"l‘ép%r di apﬁfi‘*&?nﬁ %ﬁent

i nvention i s |mnat|on1s OVI ed agal ns 0(3
When the sORHaPCCHs ww both peceipers exp@mmefradaﬁtaérthpa@smglmm glhcem)re

than one padd. asgécﬂ Bf tthe [f’(egﬁ‘eﬁf‘tmvgﬁﬁah' gntid qugelaﬁr@f men?mﬁo?@trﬁ@“a

there is a difference in r‘te’catlontlrreo t he si I's tine
u

di f f er encFSERVEEH SN Gﬁg‘tBHPBOB diversity epmbings: epétqféﬁr B0 coPdeit the
di scri m naggstehes veamultipath signals, to overcome fading, it is necessary to utilize a

waveform that permits path diversity combining operations to be
performed.

A method and system for constructing PN sequences that provide
orthogonality between the users so that mutual interference is reduced is
disclosed in U.S. Patent No. 5,103,459, issued April 7, 1992, entitled
“SYSTEM AND METHOD FOR GENERATING SIGNAL WAVEFORMS IN
A CDMA CELLULAR MOBILE TELEPHONE SYSTEM”, also ‘assigned to the
assignee of the present invention. Using these techniques in reducing
mutual interference allowing higher system user capacity and better link
performance. With orthogonal PN codes, the cross-correlation is zero over
a predetermined time interval, resulting in no interference between the
orthogonal codes, provided only that the code time frames are time aligned
with each other.

The above mentioned patents and patent applications disclose a
novel multiple access technique wherein a large number of mobile unit
telephone system users communicate through satellite repeaters or
terrestrial base stations using code division multiple access spread spectrum
modulation that allows the spectrum to be used multiple times. The
resulting system design has a much higher spectral efficiency than can be
achieved using previous multiple access techniques.

In cellular telephone systems, a large geographic area is provided
with mobile telephone service by installing a number of base stations, each
positioned to cover a cell, and the set of cells situated so as to provide
coverage of the entire geographic area. If service demand exceeds the
capacity that can be provided by a set of base stations providing coverage
over a certain area, the cells are subdivided into smaller cells and more base
stations are added. This process has been carried out to the extent that some
major metropolitan areas have nearly 400 base stations.

In a further development of the cellular telephone idea, it is desired
to provide a number of very small cells, called microcells, which would
provide coverage of a very limited geographic area. Usually, it is considered
that such areas are limited to a 3ingle floor of an office building and the

mobile telephone service can be viewed as a cordless tele gho:ﬁ%&vstem that
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may or may not be compatible with the mobile cellular telephone system.
The rationale for providing such a service is similar to the reasoning for use
of Private Branch Exchange (PBX) systems in business offices. Such systems
provide for low cost phone service for a large number of calls between
phones within the business while providing simplified dialing for internal
phone numbers. A few lines are also provided to connect the PBX system to
the public telephone system, allowing calls to be made and received between
telephones in the PBX system and telephones located elsewhere. It is
desirable for the microcell system to provide a similar level of service but
with the added feature of cordless operation anywhere within the service
- area of the PBX.

In the indoor communication system environment, path delays are
typically much shorter in duration than experienced in the outdoor
communication system environment. In buildings and other indoor
environments where indoor communication systems are used, it is
necessary to provide a form of diversity which enables discrimination
between multipath signals.

The primary problem solved by the disclosed invention is the
provision of a simple antenna system that provides high capacity, simple
installation, good coverage and excellent performance. Another problem
solved by the present invention is that it achieves the above coverage while
maintaining compatibility with the mobile cellular system and while taking
a negligible amount of capacity away from the mobile system. This is
achieved in the disclosed invention by combining the capacity properties of
CDMA with a new distributed antenna design that confines the radiation to
a very limited and carefully controlled area.

The implementation of spread spectrum communication techniques,
particularly CDMA techniques, in an indoor environment provides features
which vastly enhance system reliability and capacity over other
communication systems. CDMA techniques as previously mentioned
further enable problems such as fading and interference to be readily
overcome. Accordingly, CDMA techniques further promote greater

frequency reuse, thus enabling a substantial increase in the number of
system users.
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of receivers 3408 o HON Al 3PP \iSRIbERIIANRIHASYof the present invention.
In this concept, two sets of antennas are fed by a common signal with only
time delay processing to distinguish signals. The transmit output of the
base station is fed to a string of antenna elements for example with a coaxial
cable. The antenna elements connect to the cable using power splitters. The
resulting signals, amplified and frequency converted as necessary, are fed to
the antennas. The salient features of this distributed antenna concept are as
follows: (1) simple and inexpensive dual antenna node design; (2)
neighboring antennas have time delays inserted in feed structure so signals
received and transmitted from neighboring antennas are distinguishable by
PN temporal processing; (3) exploitation of direct sequence CDMA's ability
to discriminate against multipath; and (4) creation of deliberate multipath
that satisfies discrimination criteria.

In the present invention, two sets of antenna cables are positioned in
parallel thus creating a series of nodes comprised of two antenna elements.
Signals transmitted from antennas of different antenna elements at a
common node are provided different delay paths between the base station
and the antenna. The antenna elements may comprise down conversion
circuitry thus reducing the cabling path loss between the antenna elements
and the base station and allowing the use of readily available SAW devices
as delay elements.

Another advantage is that little site specific engineering is required
for installation. Normally, antenna placement is determined only by
physical constraints, together with the requirement that every location
desiring service must be covered by a set of two antennas. There is no
concern for the overlapping of antenna patterns. In fact, overlapping
coverage is desirable in that it provides diversity operation to all terminals
in the overlap area. Overlap is, however, not required.

The advantages of the distributed antenna concept are clear when
considering the inherent simplicity of the base station equipment required
to support indoor communications of the type such as cellular telephone.
PCS, wireless PBX, wireless local loop or wireless home extension
telephone.
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Figure 1 is an illustration of an exemplary antenna pattern for a
distributed antenna system of the present invention;

Figure 2 is a block diagram of a basic exemplary dual element
distributed antenna system and base station interface;

Figure 3 is a block diagram of a basic exemplary E-structure element
distributed antenna system alternative to Figure 2;

Figure 4 is a block diagram of an exemplary implementation of a
remote or mobile unit transceiver;

Figure 5 is a block diagram of a basic exemplary dual element
distributed antenna system with an alternative base station interface;

Figure 6 is a block diagram of an exemplary microcell base station;

Figure 7 is a block diagram of a dual element distributed antenna
system using an active element structure;

Figure 8 is an alternative block diagram of a dual element distributed
antenna system using an active element structure;

Figure 9 is a block diagram of a basic exemplary dual element
distributed antenna system comprised of three parallel arrays of antennas;

Figure 10 is a block diagram of an exemplary placement of a dual
element distributed antenna system comprising a plurality of parallel arrays;
and

Figure 11 is a block diagram of a dual element distributed antenna
system comprising a two parallel arrays of antennas and comprising a base
station having multiple independent receivers.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A single set of antennas and delay elements provides the most basic
implementation of the distributed antenna function. Details of the single
set of antennas are disclosed in U.S. Patent Application Serial No. 07/849.631
as mentioned above. However a system employing a single set of antennas
can experience service quality reductions that can be alleviated bv a dual set
of antennas. A CDMA system, to dchieve high capacity, uses a strict powes -
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of service if a mobile unit is positioned in close proximity to a first antenna
and positioned at some great distance from other antennas. Under this
condition the mobile unit transmits enough power to communicate with
the first antenna but not enough power to communicate reliably with the
distant antennas. If under this condition the mobile unit were to abruptly
experience a severe multipath fade with respect to the first antenna, the
reduced signal level at the first antenna and the low signal level at the
distant antennas may cause a degradation in service. Communication
between the base station and the mobile unit would be sub-optimal until
the power control loop increased the transmit power from the mobile unit
or until the mobile unit moved to alleviate the multipath fading.

The sub-optimal performance created as described above can be
mitigated by placing two antennas at each node. Thus, as opposed to evenly
distributing single antennas, the mobile unit in general has similar
distance, and hence path loss, between pairs of collocated antennas. If the
mobile unit is positioned in close proximity to a pair of collocated antennas
and positioned at some great distance from other antennas and the mobile
unit abruptly experiences a severe multipath fade with respect to the one of
the collocated antennas, the second collocated antenna should have
sufficient signal level to maintain communication with the mobile unit
without degradation.

To obtain maximum benefit from the present invention, the
collocated antennas should exhibit an independence in fading meaning: that
the probability that a severe fade would occur for both antennas at the same
mobile unit location is small. To achieve independent fading, a degree of
diversity between the collocated antennas is required.

One way to achieve diversity in collocated antennas is to place the
antennas some distance apart. The distance should allow the two antennas
to have substantially the same coverage area while being spaced apart
enough to provide independent fading. Placing two antennas at one base
station to obtain diversity is common practice in macrocellular systems. In
a macrocellular system, two antennas having relatively large coverage
areas, generally on the order of several miles, are placed at one base station.
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Typically the antennas are placed about 10 to 20 wavelengths (about 6 to 12

feet at the most common frequency used for cellular communications) apart
to obtain path diversity and thus independence in fading.

A second method to achieve diversity in collocated antennas is to
provide each antenna of a set of collocated antennas with a different
polarization, such as vertical and horizontal polarization. A standard
indoor environment is bounded in three dimensions. A mobile unit
within the three dimensional structure has a variety of signal paths to/from
a fixed antenna involving multiple reflections from the surfaces of the
structure. Depending on the angles involved, each reflection of a signal
may rotate the polarization of the reflected signal. Therefore two signals
having different polarization reflecting from the same set of surfaces form
two signal paths having different phase characteristics. Because the signals
have different phase characteristics, they also have different fading
characteristics. Due to this process, two collocated antennas where the
antennas have two different polarizations possess a high degree of
independence in fading even if the antennas are placed very close to one
another.

Figure 1 provides an illustration of an exemplary antenna pattern for
a dual set of antennas configured in accordance with the present invention.
The antenna pattern, as illustrated in Figure 1, is generated by two series of
omnidirectional antennas. Each set of antennas (30 and 35) defines an
antenna pattern 40A - 40] that is preferably overlapping with the pattern of
neighboring antennas. For example, antennas 30A and 35A define the
antenna pattern 40A. Neighboring antennas refer to antennas having
overlapping or contiguous antenna patterns which are not collocated
antennas at a common node. The overlapping of patterns provides
continuous antenna coverage for the desired area. The two sets of antennas
are coupled in series in an exemplary manner. The first set of antennas is
coupled as indicated by line 10. The second set of antennas is coupled as
indicated by line 20. The second set of antennas is approximately in parallel
with the first set of antennas such that each antenna of the first set is
collocated with an antenna of the second set.

As mentioned previously, control of signal power is an important
aspect of a CDMA telephone system in order to realize high user capacity. A
conventional omnidirectional antenna radiates a signal roughly equally in
all directions. The signal strength is reduced with radial distance from the
antenna according to the propagation characteristics of the physical
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Transmt oy At ent powar lavel S0 that 5 moBiliPail?hEthe X33 of he cell
covered by the base station receives an adequate signal power level. Mobile
units that are closer than the edge of the cell receive a greater than adequate
signal level. Directional antennas beams can be formed using a variety of
techniques known in the art. However, the forming of directional beams
cannot alter the propagation law. Coverage of a desired area by a signal can
be obtained by a combination of antenna pattern, antenna placement, and
transmitter power.

The use of a distributed antenna system provides the desired antenna
pattern, such as coverage of a hallway of a building, where each antenna
element provides limited coverage. In providing limited antenna coverage
the power necessary to reach a mobile unit within the smaller coverage area
is correspondingly reduced since propagation loss is reduced.

However, there is a problem with multiple antennas all radiating the
same signal. There may be areas, particularly near points equidistant from
two or more of the antennas where the signals may be received from the
two antennas that cancel each other. Points where the signal may cancel are
separated by approximately one-half wavelength. At 850 MHz this is equal
to 17.6 cm or about 7 inches. If two signals arrive at the receive antenna at
equal strength but opposite in phase, then they may so cancel. Essentially,
this is man-made multipath fading. As with natural multipath fading,
diversity is the best method for mitigation of fading. The CDMA system
design. provides several methods of diversity for mitigation of multipath
fading. :

The above mentioned patents and copending patent applications
disclose a cellular telephone system that uses a CDOMA modulation with
a 1.25 MHz bandwidth, multiple forms of diversity, and very careful
transmitter power control. One method of exploiting diversity is the
provision of a "rake" receiver architecture in which multiple receivers are
provided, each capable of receiving a signal that has traveled a different path
and therefore exhibits a different delay. Included is a separate searcher
receiver which continuously scans the time domain looking for the best
paths and assigning the multiple data receivers accordingly.
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In the microcell system it is desired to provide multiple antennas in
order to provide coverage in a desired coverage area but the capacity
demand for the system does not require that each antenna be supplied with
a separate set of signals as in the conventional cellular system. Instead, to
minimize the cost and complexity of the system, it is desired to feed some or
all of the antennas in the microcell system with the same RF signals. In
areas of the microcell system where good paths are possible to two or more
of the antennas then path diversity can be obtained.

What is desired is a simple, low cost way to distinguish the signals
feeding the different antennas without adding significantly to the
complexity of the system. The method for so doing in the present
invention is the addition of delay elements in the feeder lines between the
base station transceiver and the antennas elements within an array of
antennas.

Figure 2 illustrates an embodiment using a dual set of antennas with
delay elements. Base station 100 provides signals to and accepts signals from
the antenna array comprising node 200A - 200N. Analog transmitter 120
produces the RF signal for transmission by the distributed antenna array.
The signal is split to form two signals to be transmitted by the parallel paths
by splitter 160. The first transmit path is delayed by delay element 150 and
then coupled to the first receive path by combiner 140 that may be replaced
with a‘duplexer. The second transmit path is directly coupled to the second
receive path by combiner 170 that may also be replaced with a duplexer.
Combiner 180 sums the two receive paths, one of which has been delayed by
delay element 155, and analog receiver 110 accepts the combined incoming
RF signal for processing.

The combined receive and transmit signals are cabled via distribution
cables 130 and 132 to first node 200A comprising two distribution
elements 190. Each element 190 comprises coupler 192 for coupling 2
portion of the signal between antenna 196 and a respective distributior
cable 130 or 132. Each element 190 also comprises delay element 194 for
delaying signals and providing diversity from other antenna elements v
distribution cable 130 or 132. Delay element 150 provides the diversity ot
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power anplifier circuitry 306. Crcuitry 306 anpli fli ts the IF
signal to an RF frequency. Crcuitry 306 includes an anplifier i ch
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- element 150. An exemplary relationship in the delay period of delav
elements 150 and 194 is such that the delay between the base station and
every antenna in the system is different by at least one chip duration. The
difference in delay can be achieved by selecting the delay time of
element 150 to be greater than the sum of the delays in a single path (e.g. the
delay of element 150 is N times the delay of element 194). It can also be
achieved by selecting the delay time of element 150 to be an appropriate
submultiple of the delay of element 194 (e.g. the delay of element 150 is
equal to one chip duration and the delay of element 194 is two chip
durations). A second node 200B, containing like elements, is cascaded in
series with first node 200A. The set of antennas continues in this manner
for the length of the dual sets.

An alternative embodiment of Figure 2 is illustrated in Figure 3.
Figure 3 has an E-structure while performing the same function as the
parallel structure of Figure 2. Within base station 102, analog
transmitter 240 and analog receiver 250 are coupled by combiner 260 to
distribution cable 230. Each node in the E-structure comprises a first
coupler 212 that couples signals between distribution cable 230 and
antenna 218. A second coupler 214 couples signals between distribution
cable 230 and second antenna 222 via delay element 220. Delay element 220
is used to provide time diversity at node 210A between antennas 218
and 222. A second delay element 216 is positioned in series with cable 230
and provides diversity between nodes, e.g. between nodes 201A and 210B.
Components 212 - 222 can be rearranged within each node in a variety of
fashions to perform the same basic function.

If the multiple antenna systems described above are provided with
delay lines in the feeders such that the signal from each antenna is at least
one chip duration delayed from its neighbors, then the multiple receiver
architecture of the mobile units allows the signal-from each antenna to be
received separately and to be coherently combined in such a way that
cancellation does not occur. In fact, fading due to other reflections in the
environment can be greatly mitigated by the disclosed technique because a
form of path diversity is provided.-

. . Th . . T
above-nentioned U. S. Patent No. 5,056, 109. 13 28 S epldpal T ol
circuitry 308 outputs the power controlled nodul at l w‘ansm’t
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The mobile units contain one or more data receivers and a searcher

receiver. The searcher receiver scans the time domain determining what
paths exist and which are the strongest paths. The available data receivers
are then assigned to demodulate the signals traveling the strongest available
paths. The base station receivers contain a similar capability.

Figure 4 illustrates in block diagram form an exemplary mobile unit
CDMA telephone set. The mobile unit includes an antenna 300 which is
coupled through duplexer 302 to analog receiver 304 and transmit power
amplifier 306.

Receiver 304 receives the RF frequency signals from duplexer 302 for
amplification and frequency downconversion. The signals are also filtered
and digitized for providing to digital data receivers 310A - 310N along with
searcher receiver 314. Further details of an exemplary embodiment of
receivers 304, 310A - 310N and 314 are illustrated in the above-mentioned
U.S. Patent Nos. 5,103,459 and 5,109,390.

Receiver 304 also performs a power control function for adjusting the
transmit power of the mobile unit. Receiver 304 generates an analog power
control signal that is provided to transmit power control circuitry 308.

The digitized signal at the output of analog receiver 304 may contain
the signals of many on-going calls together with the pilot carriers
transmitted by the current base station and all neighboring base station. The
function of the receivers 310A - 310N are to correlate the samples with the
proper PN sequence. This correlation process provides a property that is
well-known in the art as “processing gain” which enhances the signal-to-
interference ratio of a signal matching the proper PN sequence while not
enhancing other signals. Correlation output is then synchronously detected
using the pilot carrier from the closest base station as a carrier phase
reference. The result of this detection process is a sequence of encoded data
symbols.

A property of the PN sequence as used in the present invention is
that discrimination is provided against multipath signals. When the signal
arrives at the mobile receiver after passing through more than one path, or
in the present invention through more than one antenna, there is a
difference in the reception time of the signal. If this time difference exceeds
one chip duration, then the correlation process discriminates between the
signals. The data receiver can track and demodulate either of the earlier or
later arriving signal. If two or more data receivers, typically three, are
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|11 ustrat ggnrihlloBsBE kcHhAHAMEOkM REOREEMESLNdC P HIFRINal time of a
received pilot signal of the base station for other multipath pilot signals.
Receiver 314 measures the strength of any reception of a desired waveform
at times other than the nominal time. Receiver 314 compares signal
strength in the received signals. Receiver 314 provides a signal strength
signal to control processor 316 indicative of the strongest signals.
Processor 316 provides control'signals to data receivers 310A - 310N for each
to process a different one of the strongest signals.

The outputs of receivers 310A - 310N are provided to diversity
combiner and decoder circuitry 318. The diversity combiner circuitry
contained within circuitry 318 adjusts the timing of the two streams of
received symbols into alignment and adds them together. This addition
process may be proceeded by multiplying the two streams by a number
corresponding to the relative signal strengths of the two streams. This
operation can be considered a maximal ratio diversity combiner. The
resulting combined signal stream is then decoded using a forward error
correction (FEC) decoder also contained within circuitry 318. The usual
digital baseband equipment is-a digital vocoder system. The CDMA system
is designed to accommodate a variety of different vocoder designs.

Baseband circuitry 320 typically includes a digital vocoder (not shown)
which may be a variable rate type. Baseband drcuitry 320 further serves as
an interface with a handset or any other type of peripheral device. Baseband
circuitry 320 provides output information signals to the user in accordance
with the information provided thereto from circuitry 318.

In the mobile unit-to-base station link (reverse link), user anatog
voice signals are typically provided through a handset as an input to
baseband circuitry 320. Baseband circuitry 320 includes an analog to digital
(A/D) converter (not shown) which converts the analog signal to digital
form. The digital signal is provided to the digital vocoder where it is
encoded. The vocoder output is provided to a forward error correction
(FEC) encoding circuit (not shown). In the exemplary embodiment the error
correction encoding implemented is of a convolutional encoding scheme.
The digitized encoded signal is output from baseband circuitry 320 to
transmit modulator 322. '
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alternative the PN sequence may be chosen according to the assigned
address function for the call The PN sequence is determined by control
processor 316 from call setup information that is transmitted by the base
station and decoded by receivers 310A - 310N and control processor 316.
Control processor 316 provides the PN sequence information to transmit
modulator 322 and to receivers 310A - 310N for call decoding. As a further

detail an outer PN code may be used upon the PN spread signal. Further

details on data modulation are disclosed in U.S. Patent No. 5,103,459.

Transmit modulator 322 further converts the modulated signal to
analog form for modulating upon an IF carrier. The IF signal output from
transmit modulator 322 is provided to transmit power control circuitry 308.
In circuitry 308 transmission signal power is controlled by the analog power
control signal provided from receiver 304. Control bits transmitted by the
microcell base station in the form of power adjustment commands are
processed by data receivers 310A - 310N and provided to control
processor 316. These power adjustment commands are used by control
processor 316 in setting the power level in mobile unit transmission. In
response to these commands, control processor 316 generates a digital power
control signal that is provided to circuitry 308. Further information on the
relationship of receivers 310A - 310N and 314, control processor 316 and
transmit power control 308 with respect to power control is available in the
above-mentioned U.S. Patent No. 5,056,109.

Transmit power control circuitry 308 outputs the power controlled
modulated signal to transmit power amplifier circuitry 306. Circuitry 306
amplifies and converts the IF signal to an RF frequency. Circuitry 306
includes an amplifier which amplifies the power to a final output level.
The intended transmission signal is output from circuitry 306 to
duplexer 302. Duplexer 302 couples the signal to antenna 300 for
transmission to the microcell base station.

dat a

- The base station structure is similar to the mobile unit structure of
Figure 4. The preferred embodiment of the base station described below
contains elements corresponding to Figure 5 which illustrates an alternative
base station structure embodiment of the structure of Figure 2. In Figure 5
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crudmg increased signal to interference ratios due to the coherent
mmbrmng and less fluctuations in power control both of which lead to high
mobile unit-to-base station link capacity.

In Figure 5, the nodes and elements are identical to corresponding
elements in Figure 2. Base station 100' has a modified RF structure as
shown in Figure 5. Additional analog receiver 115 functions independently
of analog receiver 110 with each coupled different demodulators as further
illustrated in Figure 6. Combiner 180 and delay element 155 of Figure 2
have been eliminated since there is no need for these component in this
particular embodiment. '

Figure 6 illustrates in block diagram form the exemplary embodiment
of a microcell base station. In Figure 6, the receiver system is comprised of
analog receiver 110 and optionally analog receiver 115 corresponding to like
components of Figures 2 and 5. The receiver system is further comprised of
independent searcher receiver 500 and digital data receivers 510A - 510N
associated with analog receiver 110; independent searcher receiver 515 and
digital data receivers 520A - 520N associated with analog receiver 115; and
diversity and combiner & decoder circuitry 530. It should be noted that for
the antenna implementation of Figure 2 the base station need not include
searcher receiver 515, digital data receivers 520A - 520N, and analog
receiver 115 The receiver system may also include associated with each
analog receiver 110 and 115 any number of digital data receivers. It should
be understood that as few as one digital data receiver (e.g. data
receiver 510A) associated with each analog receiver may be employed.
However in order to take full advantage of the functionality of a rake
receiver it is preferred that two or more data receivers, e.g. typically three or
four, be employed for each antenna system. Further details of an exemplary
embodiment are provided in U.S. Patent Nos. 5,103,459 and 5, 109,390.

As illustrated in Figure 5 analog receivers 110 and 115 respectively
output a digitized version of composite signal formed from the
transmissions of one or more mobile units. Searcher receivers 500 and 313
each track the multipath propagations of an individual mobile units
transmissions. Data receivers S10A - 510N and 520A - 320N each are
assigned to demodulate a particular multipath propagation of the
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modulated data signal to extract the encoded message data. The composite

signal output from analog receivers 110 and 115 is also provided to other

sets of searcher receivers and corresponding data receivers (not shown)

which are identical in construction to searcher receivers 500 and 515 and

data receivers 510A - 510N and 520A - 520N for tracking and demodulating

signals transmitted by other mobile units.

The microcell base station of Figure 6 includes CDMA controller 540
which is coupled to data receivers 510A - 510N and 520A - 520N along with
searcher receivers 500 and 515. CDMA controller 540 provides Walsh
sequence and code assignment, signal processing, timing signal generation,
power control and various other related functions.

Signals received on one of the sets of antennas are provided to analog
receiver 110 and then to searcher receiver 500. Searcher receiver 500 is used
to scan the time domain about the received signal to ensure that digital data
receivers 510A - 510N are tracking and processing the strongest available
time domain signals associated with a particular mobile unit. Searcher
receiver 500 provides corresponding signals to CDMA controller 540 which
in response thereto generates and provides control signals to digital data
receivers 510A - 510N for selecting the appropriate received signal for
processing.

Signals received on the second of the set of distributed antennas, if
used, are provided to analog receiver 115 and then to searcher
receivers 520A - 520N. Searcher receivers 515 is also used to scan the time
domain about the received signal to ensure that digital data
receivers 520A - 520N are tracking and processing the strongest available
time domain signals associated with a particular mobile unit. Searcher
receiver 515 provides corresponding signals to CDMA controller 540 which
in response thereto generates and provides control signals to digital data
receivers S20A - 520N for selecting the appropriate received signal for
processing. The output signals from receivers 510A - 510N and 520A - 520N
are then processed for optimal performance by diversity combiner &
decoder 530. |

The signal processing in the base station data receivers and searcher
receivers is different in several aspects than the signal processing by similar
elements in the mobile unit. In the mobile unit-to-base station link
(reverse link) unlike the base station-to- mobile unit link (forward link), the
mobile unit does not transmit a pilot signal that can be used for coherent
reference purposes in signal processing at the base station. The mobile
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processi ngolfiGeS1{ON9§ BrddY 8 daecoge the spread spectrum signals transmitted to
the particular base station receiver through which a single mobile unit
communicates, the proper PN sequences must be generated. Further details
on the generation of the mobile unit signals are in U.S. Patent No. 5,103,459.

Each data receiver tracks the timing of the received signal it is
receiving. This is accomplished by the well known technique of correlating
the received signal by a slightly early local reference PN and correlating the
received signal with a slightly late local reference PN. The difference
between these two correlations averages to zero if there is no timing error.
Conversely, if there is a timing error, then this difference will indicate the
magnitude and sign of the error and the receiver's timing is adjusted
accordingly.

Signals from an external or internal network, such as a private
branch exchange (PBX), are coupled to the appropriate transmit modulator
vocoder 555 under control of CDMA controller 540. Transmit
modulator 535 which under control of CDMA controller 540 spread
spectrum modulates the data for transmission to the intended recipient
mobile unit. Transmit modulator 535 is assigned to encode and modulate
data intended for transmission to the particular mobile unit for which
search receivers 500 and 515 along with data receivers 510A - 510N
and 520A - 520N are assigned. Transmit modulator 535 modulates the
vocoder data with an orthogonal code selected from a set of orthogonal
codes with the signal then modulated with a PN spreading code. The PN
spread signal is then converted to analog form and provided to transmit
power control circuitry 550.

Transmit power control circuitry 550 under the control of CDMA
controller 540 controls the transmission power for the signal. The output of
circuitry 550 is provided to summer 560 where it is summed with the
output of transmit modulator/transmit power control circuits of other
channe!l units. The output of summer 560 is provided to the analog
transmit 120. Analog transmitter 120 amplifies the signal for output via the
distributed antenna for radiating to the mobile units within the base station
service area. Further details on exemplary transmitter circuitry of Figure 6
are illustrated in U.S. Patent No. 5,103,459. _
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d1str1buted antenna that most RF s1gnal processing, including frequency
conversion, amphﬁcanon and filtering is performed by the analog receiver
and analog transmit circuitry within the base station. There are advantages
however to moving these functions to the antenna elements of each node
by creating an active antenna element.

Figure 7 illustrates an embodiment of the active elements. Base
station 600 comprises analog receivers 605 and 635 which receive signals at
an intermediate frequency (IF) from the array of distributed antennas or
nodes 720A - 720N each comprised of a pair of active elements 705. In this
particular arrangement analog receiver 605 receives signals along
distribution cable 720 from a first set of active elements 705 while analog
receiver 635 receives signals along distribution cable 725 from a second set of
active elements 705. Analog transmitter 625 produces signals at an IF
frequency that is split by splitter 630 into two signals for transmission by the
parallel paths. Delay element 620 delays the transmit IF signal provided
upon distribution cable 722 which is intended for a first one of the set of
active elements 705 contained within nodes 720A - 720N. The
corresponding non-delayed transmit IF signal from splitter 630 is provided
upon distribution cable 722 to the second one of the set of active
elements 705 contained within the nodes 720A - 720N. .

Active elements 705 require both dc power and a frequency reference
signal. These signal may be generated for individual active elements or the
pair of active elements in the node. A preferred method of supplying these’
signals is to add them to the IF signals on distribution cables 720, 722, 725
and 727. Reference frequency sources 610 and 612 each produce a reference
frequency signal which is used in a phase lock loop within the
corresponding element. Preferably the reference frequency signal is within a
different frequency band than the receive IF signal to facilitate ease of
filtering at the base station and element. In the exemplary embodiment
adders 640 and 642 add the reference frequency signals for transmission
down cables 720 and 725. Likewise power supplies 615 and 617 supply dc
power for the active elements via adders 645 and 647 and cables 722 and 727.
It should be understood that the reference frequency signal and dc power
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elements 705. Smce all elements 705 are identical, except for the cables to
which they are connected, only the function of a single element 705
connected to a pair distribution cables need be discussed. Element 705
receives the IF transmit signals on cable 722 and couples it through delay
element 650 which provides time diversity between neighboring antennas.
A portion of the IF transmit signal is coupled from the main path by
coupler 655. The coupled signal is upconverted by mixer 690 for
transmission at an appropriate RF frequency. The signal is coupled to
antenna 700 via duplexer 695.

Antenna 700 also receives the signal transmitted by the mobile unit
and couples the signal to the receive portion of the element via
duplexer 695. The received signal is down converted to an IF signal by
mixer 675 and coupled by coupler 660 to cable 720. The signals coupled by
coupler 660 upon cable 720 is combined with the signals received by other
node elements which are delayed by delay element 665. An actual
implementation of the element may also comprise gain stages in the receive
path, for example located between duplexer 695 and mixer 675, for noise
figure considerations. Likewise the transmit path might also comprise gain
stages to increase the level of the signal at the antenna. Also filter elements
may be added to facilitate the signal processing

Mixers 675 and 690 within element 705 must be driven by local
oscillator (LO) at an appropriate frequency. In this embodiment the LO's are
created within the element. LO 680 is a phase lock loop (PLL) that provides
the driving LO for mixer 675 and LO 685 is a PLL that provides the driving
LO for mixer 690. The reference frequency is used to lock the PLL circuits to
a common phase and is coupled from the receive path by low pass filter
(LPF) 670 that low pass filters the signal on cable 720 to extract the reference
frequency signal. Also dc power is coupled (not shown) from cable 722 for
all active functions performed within the element. An alternate frequency
plan may facilitate the use of a single LO.

The advantages of the active elements are numerous and the cost of
the simple hardware is minimal. The active elements may be implemented
with readily available mobile unit technology. The IF signal experiences
less cable loss per foot of cable than the RF signal does and thus decreases
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510N receive the conposite signal output from anal og
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the need for amplification. The delay elements are inexpensive at IF
frequencies compared to RF frequencies. At IF the delay elements may be
SAW filters that provide delay with little phase error across the signal
bandwidth and provide filtering for unwanted signals. SAW filters cascade
in series eésily while higher frequency elements can require a high isolation
to perform correctly.

The active element can also be implement without the frequency
conversion circuitry. Figure 8 illustrates an alternative embodiment of the
active element distributed antenna. In Figure 8 the active amplification
elements are added in the transmit and receive paths within the antenna
element.

In Figure 8, base station 800 comprises analog receivers 805 and 835
which receive signals from the array of distributed antennas or
nodes 920A - 920N each comprised of active elements 905. In this particular
arrangement analog receiver 805 receives signals along distribution cable
920 from a first set of active elements 905 while analog receiver 835 receives
signals along distribution cable 925 from a second set of active elements 905.
Analog transmitter 825 produces a signal that is split by splitter 830 into two
signals for transmission by the parallel paths. Delay element 820 delays the
transmit signal provided upon distribution cable 922 which is intended for a
first one of the set of active elements 905 contained within
nodes 920A - 920N. The corresponding non-delayed transmit signal from
splitter 830 is provided upon distribution cable 927 to the second one of the
set of active elements 905 contained within the nodes 920A - 920N.

Again active elements 905 require dc power to operate. As discussed
with reference to Figure 8, one method of supplying the signal is to add it to
the signals on the distribution cables. Power supply 815 supplies dc power
for the active elements as added to cable 922 by adder 845. Similarly, power’
supply 817 supplies dc power for the active elements as added to cable 927 by
adder 847. .

Each node of the distributed antenna is comprised of two active
elements 905. Element 905 receives the transmit signal on cable 922 and
couples it through delay element 750 which provides time diversity
between neighboring nodes. A portion of the transmit signal is coupled
from the main path by coupler 755. The coupled signal is amplified bv

amp 790 for transmission at an appropriate level. The signal is coupled to
antenna 800 via duplexer 795.
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" the particular cel ver through which a single nobile unit
comuni cat es, guences nust be generated. Further details on
t he generation of t n|t signals are illustrated in U S. Patent No.
5,103, 459. Each data receiver tragks the timng of the received
signal it is receiving s i s acconplshed by the well known techni que of

correlating t hﬂ@t@@?\/@p §l5@n‘aqceb‘§ﬁsat sigral )ﬁf%’aﬁwtqcb@éﬂ theemabilecuntN and
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's adj USt%geﬁlC&era@'eﬁglbx delay element 765. An actual implementation of the
element may also comprise filter elements to facilitate the signal processing.
DC power is coupled (not shown) from cable 922 for all active functions
performed within the element.

recei ver 110. Th‘%ﬁﬁ@dﬁs Eééndgg the spread spectrumsignals transmtted to

The active elements of Figure 8 may be used in an outdoor
environment incorporating a distributed antenna. For instance, in
downtown areas having tall building spaced closely together, a single
antenna base station may not sufficiently provide consistent signal levels
over the desired coverage area. An array of antennas could be used to cover
problem areas. In such a scenario, the nodes of the distributed antennas
would be placed in close proximity to each other and natural propagation
paths may not provide the necessary delay time required for separate
demodulation of the multipath signals. A distributed antenna of the
present invention would be the ideal solution in such a scenario. The
increased distance between nodes in an outdoor environment, and the
sequent higher power requirement for transmit and increase in cable loss
for receive, would necessitate the use of active elements. 'In particular the
configuration of Figure 8 is a realistic implementation of the system.

The present invention has been presented in the exemplary
embodiments as nodes coupled in series to form an array. In the event of a
node failure or a fault in the interconnect cabling, nodes located in the series
connection beyond the failure or fault, with respect to the base station could
be rendered useless in the antenna system. In order to overcome this
potential drawback nodes may be coupled in parallel or series/parallel
combination to provide continued coverage in the event of a node failure
or interconnect cabling fault. A series/parallel combination of nodes is
illustrated in Figure 9 which represents a modified embodiment of the
exemplary embodiment of Figure 2. New elements 930, 932, 934, and 936,
which do not correspond to elements in Figure 2, are shown external to base
station 101 however these elements could function equivalently if
incorporated within the base station. New elements 930 and 934 are splitters
which couple the two antenna arrays to base station 101. The first antenna
array comprised of nodes 200A' - 200N" receives and supplies signals on
distribution cables 130' and 132'. The second parallel antenna array
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Si gnal s Thisgiheettzp | _or internal network, such as a private branch
.exghange ( s icsh A2 %9 to the appropriate transnit nodul ator vocoder
555 under m controll er 540. Transmt nodul at or 535 which
under control 0 ntroller 540 spread spectrum nodul ates the data for
transm ssion to the intended recipient bile unit. Transmt nodul ator 535

par 1 cul ar Cioprired [OF, RS U0 S 200K BREVEY 28 ot LBRREN el 3 1
data receidig¥Pwiamcable1 30 annd S32A thosgbNadded Magmwneﬁrsa%?dml gte ;)r
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code. The PRSERSHER thafRaFh iantenen in she system exhibisy aglifferemtadelayr withded t o
transmt respect to the base station.

The topology presented in Figure 9 can take on a variety of
alternative forms. The nodes and elements of Figure 9 could be replaced
with the nodes and elements of Figure 3, 5, 7, or 8. Splitters 930 and 934
could couple more than two arrays to the base station. In fact in a model
parallel topology, each node of the system could be independently connected
to the base station. The base station topology also could take on a variety of
alternative embodiments. Base station 101 could be altered to contain
analog receiver 115 making this topology similar to that of Figure 5.

The placement of antennas in a system comprising a series/parallel
combination of nodes could take on a variety of forms. One placement
topology is illustrated in Figure 10. Figure 10 comprises a base station and
three parallel sets of series arrays. The topology of base station 940 is
arbitrary in this example and could be a simple variation of any base station
described herein. Each antenna node, 950A - 950N, 950A' - 950N', and
950A" - 950N", is a dual antenna node in accordance with the present
invention. Antenna nodes 950A - 950N comprise the first array. Antenna
nodes 950A'-950N' comprise the second array. Antenna nodes
950A" - 950N" comprise the third array. Ideally every antenna node of
Figure 10 has a different delay with respect to the base station. The
placement of the antenna nodes in Figure 10 is illustrative of a distribution
of antennas which would provide a good deal of protection against a fault.
Instead of placing the second array after the first array and the third atray
after the second, the nodes of each array are interspersed with nodes of the
other arrays. In this configuration, a fault in one array does not necessarily
cause a complete lack of service at any point in the coverage area of the base
station. Instead of creating a location where no service is provided, a fault
condition produces a soft failure of the system that may lower the
performance of the entire system

For a high capacity areas, a parallel or series/parallel combination of
nodes has additional advantages over the simple series connection of an
entire array. A CDMA link is limited as to a maximum number of separate
signals that it can efficiently combine in a given communication channel. If
more than the maximum number of signals are present, the system capacity
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povverTh[:ch%tert I rcuitry 550. Transmt power control circuitry 550

*under t N BeplageiA control | er 540 controls the transnission power
for the Hut put of circuitry 550 is provided to sunmer 560 where
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circuits of other channel units. The oyfput of summer 560 is provided to
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and individually demodulated. The base station circuitry needs to limit the
number of signals that are transmitted to the mobile units within the range
of its antennas. Each signal transmitted by the base station increases the
noise level at every mobile unit which is not the intended destination of
the signal. By using a parallel or series/parallel combination of nodes and a
plurality of receivers and transmitters, the signal handling capability of a
single base station can be increased.

To realize an increase in system capacity at a single base station, a
system is designed in which there are at least two independent arrays. In
this case, an independent array is defined as any set of nodes where each
node has a different delay with respect to the base station and where each
node in the system can belong to only one array. In this scheme there is no
disadvantage to having two nodes with the same delay with respect to the
base station as long as the two nodes belong to different independent arrays.
The independent arrays are placed such that there is some area which is
covered by only one independent array. Each independent array is supplied
a transmit signal from a dedicated transmitter and supplies a receive signal
to a dedicated receiver. When a mobile unit is positioned in the coverage
area of only one of the independent arrays, the transmitter corresponding to
the arrays to which the mobile is not communicating may stop transmitting
signals for that mobile station and thus reduce the interference to the other
mobile units. Likewise, when a mobile unit is positioned in the coverage
area of only one of the independent arrays, the receivers corresponding to
arrays to which the mobile is not communicating are free from interference
from that mobile unit. When a mobile unit is positioned in the coveragé
area of two independent arrays, the two transmitters supply the same
information signal to the mobile unit but each transmitter uses a different
spreading sequence to modulate the information signal thereby increasing
the total signal received at the mobile unit while decreasing the chance of
destructive summation. Likewise when a mobile unit is positioned in the -
coverage area of two independent arrays, the two receivers can individualiy
receive the signal and can then combine the energy from each path in the
demodulation process to provide a total increased signal level. (This

-"process is very similar to the process which is employed by base stations
comprised of multiple sectors in a standard CDMA cellular system.) Note




Fi gure 6¢fdks g@hagbgi‘séé Afgg pilot/control channel generators and transmt

power contr | Circuitry 545 under control of CDMA controller
540 generatH iﬂuE}H ﬂn s the power of the pilot signal, the sync channel,
and the padgh

r coupling to analog transmtter 120. It is
implicit in the previously described enmbodi ments of the
26

that the topology of Figure 9 comprising analog receiver 115 does not
function to increase the capacity of the base station 101 since receiver 115
receives an input from each node of the two parallel arrays shown.

An exemplary embodiment of this concept is shown in Figure 11
which is based upon the configuration of Figure 8. The first antenna array
comprised of nodes 920A" - 920N" is coupled analog transmitter 825 through
cable 927', adder 847, ‘and splitter 830. The first antenna array is also coupled
to transmitter 825 through cable 922/, adder 845, delay 820, and splitter 830.
The second antenna array comprised of nodes 920A" - 920N" is coupled to
analog transmitter 825" through cable 927", adder 847", and splitter 830".
The second antenna array is also coupled to analog transmitter 835 through
cable 922", adder 845", delay 820", and splitter 830".

Use of the dual sets of parallel antennas affords advantages to the
system during general operation as well as reducing the worst case effects of
multipath fading. The coherent combining of the separate paths within the
base station increases the signal-to-noise ratio on the mobile unit-to-base
station link. The use of the present invention also decreases power control
fluctuations of the mobile unit. Both of these factors lead to higher capacity
and improved system performance. The advantages of the collocated
antennas are much greater than the advantages gained by merely uniformly
placing twice as many antennas in series.

There are many obvious variations of the embodiments of
Figures 2,3,5,7,8,9, 10, and 11 including the simple rearrangement of
components within each element. Actual implementation of these
embodiments may require power splitting, gain, and filtering among other
functions. The previous description of the preferred embodiments is
provided to enable any person skilled in the art to make or use the present
invention. The various modifications to these embodiments will be readily
apparent to those skilled in the art, and the generic principles defined
herein may be applied to other embodiments without the use of the
inventive faculty. Thus, the present invention is not intended to be limited
to the embodiments shown herein but is to be accorded the widest scope
consistent with the principles and novel features disclosed herein.
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di stri ipmis 8ebeAL gna thatrmst RF signal processing, including frequency
" conver Si n 8¢d and filtering is performed by the anal og
recei verzg”m I nsmt circuitry within the base station. There are

advant ag novi ng these functions to the antenna el enments of
each node by creating an active antenna el enent. Figure 7 illustrates
an enbodi nent of the active elenents. Base station 600 conprises anal og
recei vers 605 and 635 which recei veC3AIMS at an internedi ate frequency
(IF) fromthe array of distributed antennas or nodes 720A - 720N each
conprised of a pair_ of active elenments 705. In this particular arrangenent
anal og recei vel 60510 e digital stemangnichtion distem birt iwhidaliteléad® dneom a

first setrfhoRClerMBn&l EHRM InitAbes Wil o lt‘égmriﬁgﬁi ¥#EbuBROa BIEE sVl S! 9Nl S
along distr.ibution cable 725 froma second set of

using digitally modulated communication signals, said base station having

an antenna system comprising:

a first set of spaced apart antennas;

a second set of spaced apart antennas, each antenna of said second set
of antennas corresponding in location to a corresponding antenna of said
first set of antennas; _

signal distribution means for coupling said communication signals
between said base station and said antennas of said first and second sets; and

delay means operatively coupled to said antennas of said first set and
second set and said signal distribution means for providing a predetermined
delay in said communication signals coupled between said base station and
said antennas.

2. The system of Claim 1 wherein said signal distribution means
comprises:

first transmission cabling serially interconnecting said first set of
antennas and interconnecting a first one of said first set of antennas to said
base station; and

second transmission cabling serially interconnecting said second set
of antennas and interconnecting a first one of said second set of antennas to
said base station.

3. The system of Claim 2 wherein said communication signals
are generated by spread spectrum modulating information signals accerding
to predetermined pseudorandom noise (PN) spreading codes each
comprised of a predetermined sequence of binary chips each of a
predetermined chip duration, and wherein said delay means comprises a
plurality of delay elements disposed in said cabling between adjacent
coupled ones of said antennas of said first set and between adjacent coupled
ones of said antennas of said second set, each delay element providing a

delay in said communication signals on an order of at least one chip
duration.
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active Bilaaﬂ'eamas?égg@énal og transmtter 625 produces signals at an IF

" frequency splitter 630 into two signals for transm ssion
by the pa Hl”&? Del ay el enent 620 del ays the transmt |F signal
provi ded upo |on cable 722 which is intended for a first one of
the set of active elenents 705 cont a| ngg W thin nodes 720A - 720N. The
correspondi ng non-del ayed tran?{a1 nal from splitter 630 is provided
upon di stri butfon cat\€eSyEiem g é‘@ekdﬁ@e@ﬁé said apdennas of said ifirst e¢tenent s
705 cont ahged aMptrEtﬂéteHﬁQn@@ChQﬁeKRQ atte7r210N1th said aﬁ?édﬁ’fs 8F SERD st/ Ot

require both, dc powe requen reference signal. These S|gna$ may be
gener at ed PPSHIGNES WHUQVEQEPPWS Elaétﬁéﬂi 's or the pair of active elements in

the node. A preferred method of supplyi ng these signals is to add themto
the IF signals 50N d'ﬁ'xteréy%?é Ok &?aq}nei J efem sa1d ar%tSennas of said second set
have a predetermined antenna pattern wherein each antenna of said second

set is positioned with substantially overlapping patterns with said
corresponding antenna of said first set.

6. The system of Claim 1 wherein:

said signal distribution means comprises f1rst transmission cabling
serially interconnecting said first set of antennas. and interconnecting a first
one of said first set of antennas to said base station; and

each antenna of said second set of antennas is operatively coupled to
an antenna of said first set of antennas.

7. The system of Claim 6 said communication signals are
generated by spread spectrum modulating information signals according to
predetermined pseudorandom noise (PN) spreading codes each comprised
of a predetermined sequence of binary chips each of a predetermined chip
duration, and wherein said delay means comprises: '

a first plurality of delay elements each disposed between an antenna
of said second set of antennas and a corresponding antenna of said first set
of antennas, each delay element providing a delay in said communication
signals on an order of at least one chip duration; and

a second plurality of delay elements, each disposed between adjacent
coupled ones of said antennas of said first set of antennas, each delay
element providing a delay in said communication signals on an order of at
least one chip duration.

8. The system of Claim 6 wherein said antennas of said first set
have a predetermined antenna pattern with said antennas of said first set
positioned with overlapping patterns.

9. The system of Claim 8 wherein said antennas of said second set
have a predetermined antenna pattern wherein each antenna of said second
set is positioned with substantially overlapping patterns with said
_ corresponding antenna of said first set..
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~and 727. - Referenee—fregquency sources 610 and 612 each produce a reference

frequenm(s i I ich is used in a phase |l ock loop within the

correspon 5 epl ¥ erably the reference frequency signal is within
adiffereﬂ { ,H nd than the receive IF signal to facilitate ease of
filtering ation and elemggt. In the exenplary enbodi ment

adders 640 and 642 add the reference frequency signals for transm ssion
povar Tor the X1 vEPE RSB ONG (EUAdHa NI SOMFISE: and cabl oo 725 and
727. 1t shoul dahhirdnstercit sputetdh@parit linte RA&Y, RACR AriteANL WF)sabd FAA @G rdC
power antennas corresponding in location to a corresponding antenna of said first
set of antennas;
signal distribution means for coupling said communication signals
between said base station and said antennas of said third set of antennas;
and
delay means operatively coupled to said antennas of said third set and
said signal distribution means for providing a predetermined delay in said
communication signals coupled between said base station and said
antennas.

11.  The system of Claim 10 wherein said signal distribution means
comprises third transmission cabling serially interconnecting said third set
of antennas and interconnecting a first one of said third set of antennas to
said base station.

122 In a communication system in which system users
communicate through a base station with remote system users, said remote
system users communicating'through said base station via a radio link
therewith, said base station comprising:

communication terminal means for spread spectrum modulating a
remote user directed information signal and providing a spread spectrum
modulated remote user directed information signal, and for receiving and
separately demodulating a first and second aggregate spread spectrum
modulated remote system user information signal; '

first antenna means for receiving said plurality of spread spectrum
modulated remote system user information signals, each of said spread
spectrum modulated remote system user information signals of a
predetermined time delay with respect to one another, combining said
plurality of spread spectrum modulated remote system user information
signals to form said first aggregate spread spectrum modulated remote
system user information signal and providing said first aggregate spread
spectrum modulated remote system user information signals to said
communication terminal; and

second antenna means for receiving a plurality of spread spectrum
modulated remote system user information signals, each of said spread
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21 may be provi ded on elther the transmt or receive distribution cables,
" or ot heg \s%étmasaaemaﬁs nts, in accordance with the connection of

el enent's ) Each node of the distributed antenna is
conpri sed Ne el ements 705. Since all elenents 705 are identical,
except fo ables to

_ 30
spectrum modulated remote system user information signals of a

predetermined time delay with respect to one another, combining said
plurality of spread spectrum modulated remote system user information
signals to form said second aggregate spread spectrum modulated remote
system user information signal and providing said second aggregate spread
spectrum modulated remote system user information signals to said
communication terminal.

13.  The system of Claim 12 wherein said first antenna means and
said second antenna means each comprises:

a plurality of spaced apart antennas;

signal distribution means for coupling said spread spectrum
modulated remote user directed information signal from said
communication terminal means to each of said antennas; and

- delay means operatively coupled to said antennas and said signal

distribution means for providing a different predetermined delay in said
spread spectrum modulated remote user directed information signal as
coupled by said signal distribution means to each of said antennas.

4.  The system of Claim 13 wherein said spread spectrum
modulated remote user directed information signal is generated by direct
sequence spread spectrum modulating said remote user directed
information signal with a pseudorandom noise (PN) spreading code
comprised of a predetermined sequence of binary chips each of a
predetermined chip duration.

15.  The system of Claim 14 wherein said delay means comprises a
plurality of delay elements each operatively coupled to a respective one of
said antennas, each delay element providing a delay in said spread spectrum
modulated remote user directed information signal, with each delay
different from one another by an order of at least one chip duration.

1l6. In the communication system of Claim 12 wherein said remote
system users communicate with said system users and other remote system
users through said base station by transmitting said spread spectrum
modulated remote system user information signals to said base station for
transfer to intended recipient system users and remote system users.
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mhlch the are ggd only the function of a single elenent 705
‘conneﬁhé stribution cables need be discussed. Elenment 705
receives t signals. on cable 722 and couples it through del ay
el enent des time diversity between neighboring antennas. A
portion of the IF transn1t signal is coupled fromthe nain path by coupler
655. The coupl ed signal is upconverted Iy mi xer 690 for transmission at an
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dulafe
transfef to intended recipient system users and remote system users.

18. The system of Claim 12 wherein said spread spectrum
modulated remote user directed information signal is generated by direct
sequence spread spectrum modulating said remote user directed
information signal with a pseudorandom noise (PN) spreading code
comprised of a predetermined sequence of binary chips each of a
predetermined chip duration.

19. The system of Claim 16 wherein said spread spectrum
modulated remote user directed information signal is generated by direct
sequence spread spectrum modulating said remote user directed
information signal with a first pseudorandom noise (PN) spreading code
comprised of a first predetermined sequence of binary chips each of a first
predetermined chip duration and said spread spectrum modulated remote
system user information signal is generated by direct sequence spread
spectrum modulating a remote system user information signal with a
second pseudorandom noise (PN) spreading code comprised of a second
predetermined sequence of binary chips each of a second predetermined
chip duration.

20. The system of Claim 17 wherein said spread spectrum
modulated remote user directed information signal and said spread
spectrum modulated remote system user information signal are generated
by respectively direct sequence spread spectrum modulating said .remote
user directed information signal and said remote system user information
signal with a pseudorandom noise (PN) spreading code comprised of a
predetermined sequence of binary chips each of a predetermined chip
duration.

21.  The system of Claim 15 wherein said signal distribution means
comprises a cabling system interconnecting in series said communications
terminal and said antennas.
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coupl erjTRieGnhtd PRs BaLH ﬁep?%g I's conmbined with the signals received by other
) [ ef ayed by del ay el enent 665. An actual

node el ene
I mpl enent tEUMem&nt may al so conprise gain stages in the receive
pat h, for d between dupl exer 695 and m xer 675, for noise
figure considerations. Likewise the transmt path m ght al so conprise gain
stages to increase the level of the sigal at the antenna. Also filter

el enents nay b&.addEhe spsteaviofiGlatm thevisirgirabaidrsigasisdisgribution mbhners 675
and 690 vgotr{;n'ﬂs%:errent 705 must be driven by local oscillator (LO 685 at
an appropriate trequency. In this enbodi mrent of LOs are created within the
el ement. LO 680Prnaryptateana sorpled to s@id pasenstationpandes t he driving LO for

m xer 675 and it | I for.mxer, 690.
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primary antenna, with each secondary antenna coupled to a corresponding
one of said antennas and respective one of said delay elements.

23.  The system of Claim 13 wherein said plurality of spaced apart
antennas comprises omnidirectional antennas.

24.  The system of Claim 13 wherein said plurality of spaced apart
antennas comprises directional antennas.

'25.  The system of Claim 24 wherein said at least one of said
plurality of spaced apart antennas is an omnidirectional antenna.

26. The system of Claim 13 wherein said plurality of spaced apart
antennas comprises polarized antennas.

27.  The system of Claim 13 wherein said plurality of antennas of
first antenna means comprises vertically polarized antennas and said
plurality of antennas of second antenna menas comprises horizontally

. polarized antennas.

28. . A communication system for facilitating the communication
of information signals between users of said communication system, and
between users of said communication system and users of an external
network, wherein certain users of said communication system use remote
terminals to communicate within said communicatién system, via a radio
link with a base station, using code division multiple access communication
signals, said system comprising:

communication terminal means for receiving and direct
sequence spread spectrum modulating an information signal

intended for a recipient remote terminal user with a

pseudorandom noise (PN) spreading code comprised of a

predetermined sequence of binary chips each of a

predetermined chip duration time;

first antenna means comprising multiple elements for,
receiving said spread spectrum modulated information signal,

UL
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a comonjTRIR&HEetd2d Besn ROMEIeed from the receive path by |ow pass filter
(LPF) 670 t |Iters the signal on cable 720 to extract the
ref erence f ! “ . Al'so dc power is coupled (not shown) from cable

722 for all ons performed within the element. An alternate
frequency plan may facilitate the use 88 a single LO The advant ages

of the active ptevidihg analtipter pitiadivhs hef casl @brehlie speddlamhardware is
mobi 16 uni ¢t REaRT Hhtrdh roRis P TERcRech TadkabiSRapt Sacs por oot
of cable than spreadF spegtraim dmesldated hnforieatieaseignal delayed in

time with respect to one another by at least one c¢hip duration

time; and

second antenna means comprising multiple elements

for, receiving said spread spectrum modulated information

signal, providing multiple radiations of said spread spectrum

modulated information signal with each radiation of said

spread spectrum modulated information signal delayed in

time with respect to one another by at least one chip duration

time wherein each of said elements of said first antenna means

is collocated with an element of second antenna means

forming a node.

29.  The system of Claim 28 wherein said first and second antenna
means each comprises:

a plurality of spaced apart antennas, each antenna corresponding to a
element of said antenna means;

signal distribution means for coupling said spread spectrum
modulated information signal from said communication terminal means
to each of said antennas; and

delay means operatively coupled to said antennas and said signal
distribution means for providing one or more chip duration time delay in
said spread spectrum modulated information signal as coupled by said
signal distribution means to each of said antennas.

30. The communication system of Claim 29 wherein each of said
elements comprises frequency conversion means for receiving said spread
spectrum modulated information signal and producing said spread
spectrum modulated information signal at radio frequency.

31. The communication system of Claim 29 wherein each of said
elements comprises means for amplifying said information signal.

32.  In a digital communication system where signals intended for
transfer to a receiving terminal are transmitted from a transmitting
terminal as digitally modulated signals, wherein said receiving terminal in
_receiving multipath propagations of each digitally modulated signal
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22 the‘"'ﬁ'é’éaﬂﬂf—aw ampl [ figation. The delay elements are inexpensive at |F
fr eqyaRes 0 RF frequencies. At |F the delay el enents nay be SAW

fllters elay with little phase error across the signal
bandwi dt filtering for unwanted signals. SAWTfilters cascade

34
requires a minimum predetermined time difference between multipath

propagations of each digitally modulated signal as received for
demodulation thereof to provide said signals intended for said receiving
terminal, a method for creating multipath propagations of said transmitted
digitally modulated signals wherein each multipath propagation is of at
least said minimum predetermined time difference with respect to another
upon reception at said receiving terminal, said method comprising the steps
of:

providing a plurality of spaced apart dual antenna elements;

providing from said transmitting terminal a communication signal
to each of said antennas;

providing a different predetermined delay in said communication
signal as provided to each of said dual antennas elements; and

providing a different predetermined delay in said communication
signal as provided to each antenna of said dual antenna elements.

33. The method of Claim 32 wherein said communication signals
in said transmitting terminal are generated by spread spectrum modulating
said signals intended for transfer according to a pseudorandom noise (PN)
spreading code comprised of a predetermined sequence of binary chips each
of a predetermined chip duration, and wherein, said step of providing said
different predetermined delay in said communication signal as provided to
each of said dual antenna elements comprises providing a delay on the
order of at least one chip duration.

34. In a communications system in which an information signal is
modulated at a first station with a pseudorandom noise (PN)-code,
comprised of a predetermined sequence of code chips each of a
predetermined time duration, with said PN modulated noise signal
modulated upon a carrier for transmission, an antenna system comprising:

a plurality of antennas coupled in series and coupled to said first
station;

a plurality of delay elements each disposed in series between adjacent
coupled ones of said antennas;

a first station delay coupled to said first station;

a secondary plurality of antennas coupled in series and coupled to
said first station delay, each of said second plurality of antennas positioned
with a corresponding one of saxd f1rst plurahty of antennas; and
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in SleTIh' m,hbb,gcégl gher frequency elenments can require a high
" isolati correctly. The active elenent can. al so be
i mpl eme mwhe frequency conversion circuitry. Figure 8
illustrates an alternative enbodi nent of the active elenent distributed
antenna. In Figure 8 the active anplification elenents are added in the
transmt and receive paths wthin the tenna eI enent . In Figure 8,

b t at 8Q0, e |ver 35. whi ch recei ve
signal s f 'rS“m ¢ RoEFALSE DARER 90 of cAak T Blerents SAshogispuRd. B A8Rach
conpri sed befwesn ﬂdﬁicehérmnpbect)oaes lofi satd anpenndscof aaidasecanglany Plusdlilog

receiver gp3nk&egisves signals along distribution cable 920 froma fifst set
of active elenents 905 whi |l e anal og recei ver 835 receives

35.  The system of Claim 34 wherein at least one of said plurality of
antennas comprises an omnidirectional antenna.

36.  The system of Claim 34 wherein at least one of said plurality of
antennas comprises a directional antenna.

37.  The system of Claim 34 wherein each of said delay elements of
said first and second plurality of delays provides a delay of at least twice said
predetermined time duration of said code chips and said first station delay
provides a delay on the order of said predetermined time duration of said
code chips.

38.  The system of Claim 35 wherein each of said delay elements of
said first and second plurality of delays provides a delay of at least said
predetermined time duration of said code chips and said first station delay
provides a delay on the order of the sum of said delays of said first plurality
of delay elements.

39.  The system of Claim 34 wherein said plurality of antennas and
said second plurality of antennas comprise omnidirectional and directional
antennas positioned with overlapping patterns.

40.  The system of Claim 34 wherein said plurality of antennas
comprises polarized antennas with a first polarization and wherein said
second plurality of antennas comprises polarized antennas with a second
polarization.

4l.  An antenna system for transmitting and/or receiving a spread
spectrum modulated information signal wherein said spread spectrum
modulated information signal is generated by spread spectrum modulating
an information signal with a pseudorandom noise code comprised of a -
predetermined sequence of code chips each of a predetermined chip
duration, said antenna system comprising:

a first set of serially coupled antenna elements;
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.Si ghiglsheat AR Bed) RL ,%‘{%gtion cable 925 from a second set of active elenents

905. r 825 produces a signal that is split by splitter 830
into r transmssion by the parallel paths. Delay el ement 820
del ay signal provided upon distribution cable 922 which is

intended for a first one of the set of active elements 905 contained w thin
nodes 920A - 920N. The corresponding notf del ayed transmt signal from.
splitter 830 is,pecondest gioserialiy cPbgiedrréanna dements,t¢rshsentamhaoné of

th t of actjve el C ' TFMoY 20N.
Agai n act| yaddiahE SIBbR e p AN AT B RERoNAIdY dnichita V43R ReL S0\ 1
reference to FigsetcoBdelayeelaBianss Pesitaned: sueythatea deagh aineidelay edetdent t o

the signals o betwedeh et of 3RIES RN | over
fore flhg acﬁ‘&‘%ré gerﬁggtéygfuaddeg ?o ca%tléggl\ggézleby a%i é?@ﬁ%@%dﬁgﬁgﬁ

power sets; and
an additional delay coupled in series with said second set of antenna

elements such that every signal received and transmitted by said second set
of antenna elements is delayed thereby.

42. The antenna system of Claim 41 wherein each antenna
element comprises means for frequency converting said spread spectrum
modulated information signal.

43. The antenna system of Claim 41 wherein each antenna
element comprises means for amplifying of said spread spectrum
modulated information signal.

44.  An antenna system for transmitting and/or receiving a spread
spectrum modulated information signal wherein said spread spectrum
modulated information signal is generated by spread spectrum modulating
an information signal with a pseudorandom noise code comprised of a
predetermined sequence of code chips each of a predetermined chip
duration, said antenna system comprising:

a set of delay elements, each delay element providing a delay time on
the order of a multiple of one chip duration in length;

a set of antennas;

a system of cabling coupling said antennas and said delay elements in
a serial string, wherein each of said delay elements is coupled between
predetermined pairs of said antennas; :

a second set of delay elements, each delay element providing a delay
time on the order of multiple of one chip duration in length;

a second set of antennas, each antenna of said second set collocated
with an antenna of said first set;

a initial delay element having a delay time on the order of one chip
duration in length; and

. asecond System of cabling coupling said second set of antennas and
each of said second set of delay elements in a serial string, wherein each
delay element of said second set of delay elements is coupled between
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supply ETFS cdeepleveer for the active elenents as added to cable 927
by adder 8 node of the distributed antenna is conprised of
two active El ement 905 receives the transmt signal on cable
922 and couples it through delay el ement 750 which provides tine diversity
bet ween nei ghboring nodes. A portion of the transmt signal is coupled from

the main path by coupler 755. The coupl3d signal is anplified by anp 790
for transpredetenmaned pairpoppiidaitehaxeand Waesdianalidi ifi§AUPIRY diomant enna

800 via dypl.sxBled’ §Pseries therewith.

43.  An antenna system for transmitting and/or receiving a spread
spectrum modulated information signal coupled to a base station wherein
said spread spectrum modulated information signal is generated by spread
spectrum modulating an information signal with a pseudorandom noise
code comprised of a predetermined sequence of code chips each of a
predetermined chip duration, said antenna system comprising:

a set of delay elements, each delay element providing a delay time on
the order of a multiple of one chip duration in length; |

a first set of antennas, each having an antenna coverage area;

a system of cabling coupling each of said antennas of said first set to
said base station and coupling one said delay elements between said base
station and at least one antenna of said first set;

a second set of delay elements, each delay element providing a delay
time on the order of a2 multiple of one chip duration in length;

a second set of antennas, each having an antenna coverage area, and
wherein each particular antenna of said second set of antennas corresponds
to a particular antenna of said first set in that the antenna coverage area of
said particular antenna of said first set and the antenna coverage area of said
particular and antenna of said second set are substantially the same; and

a second system of cabling coupling each of said antennas of said
second set to said base station and coupling one said delay elements between
said base station and at least one antenna of said second set such that each
antenna of said second set has a different delay with respect to said base
station than said corresponding antenna of said second set of antennas with
respect to said base station.

46. In a digital communication system in which at least one
remote terminal communicates with other terminals through a base station
using digitally modulated communication signals, said base station having
an antenna system comprising:

a first set of spaced apart antennas;

asecond set of spaced apart antennas, each antenna of said second set
of antennas corresponding in location to a corresponding antenna of said
first set of antennas;

This is the replacement sheet

T T



Antenna 800 al so receives the signal transmttecihipghéé?ﬁagggélﬁ Enit and

couples the signal to the receive portion of the 4l C8%er 795.
The received signal is anplified by |Iow noise amjﬂﬂ%[ﬂ“ﬁ r
coupler 760 to the signals received by other ele

coupl ed by
een del ayed
by del ay el enent 765. An actual inplengﬂgaiion of the

signal distribution means for coupling said communication signals
between said base station and each antenna of said first and second sets; and

delay means operatively coupled in series with each of said antennas
of said first and second sets and said signal distribution means for providing
a predetermined delay in said communication signals between said base
station and each antenina of said first and second set.

47. An apparatus in a digitall' communication system in which at
least one remote terminal communicates with a base station using digitally
modulated communication signals, said apparatus comprising:

a base station haVing at least two independent receivers;

a first set of spaced apart antennas;

a second set of spaced apart antennas, each antenna of said second set
of antennas corresponding in location to a corresponding antenna of said
first set of antennas thereby forming a first aggregate antenna pattern;

first signal distribution means for coupling said communication
signals between a first one of said at least two independent receivers of said
base station and said first and second sets of antennas;

first delay means operatively coupled such that each antenna of said
first set of antennas and said second set of antennas exhibits a different delay
with respect to said first one of said at least two independent receivers of
said base station;

a third set of spaced apart antennas;

a fourth set of spaced apart antennas, each antenna of said fourth set
of antennas corresponding in location to a corresponding antenna of said
third set of antennas thereby forming a second aggregate antenna patterr;

second signal distribution means for coupling said communication
signals between a second one of said at least two independent receivers of -
said base station and said first and second sets of antennas; and '

second delay means operatively coupled such that each antenna of
said third set of antennas and said fourth set of antennas exhibits a different
delay with respect to said second one of said at least two independent
receivers of said base station and such that a particular antenna of said third
set of antennas and a particular corresponding antenna of said fourth set of
antennas exhibits a different delay with respect said base station than a
particular antenna of said first set of antennas and a particular
corresponding antenna of second set of antennas having a corresponding
first aggregate antenna pattern overlapping a corresponding second

WA O T O s 19 the replacemant sheet
* ¢ L M s *

Date: 1 8 JAN 1987



el ement may al so conprise filter elements to facilitate the signat————-
" processing. DC power is coupled (not shown) from cabl &hi83Redt®las Bbdn BSL
functions performed within the el enent. The activ I
8 may be used in an outdoor environment incorporating aem'mMMkﬂu
antenna. For instance, in downtown areas having tall bui
closely together, a single antenna base station may not sufficiently
provi de consistent signal |evels over the desired coverage area. An array
of antennas could be used to cover pr ob19em areas. In such a scenario, the
nodes of taggregateramienad pattermasf saidl gatticylhneedenna cvfosaidptlixd nsetyoft o
each ot her t.ural i oxtdg;ah
ol ay 1 me P ESnAY a5, WaBREHR: CORRRORAliY ARbrRaCel SRIG DRRERSIY A
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present invention would be the ideal solution in such a scenario. The

I ncreased di stance between nodes in an outdoor environnent, and the
subsequent hi gher power requirenment for transmt and increase in cable |oss
for receive, would necessitate the use of active elenents. In particular
the configuration of Figure 8 is a realOstvic inplenentation of the system
The present invention has been presented in the exenplary enbodi nents as
nodes coupled in series to forman array. In the event of a node failure or
a fault in the interconnect cablin nodes | ocated in the series connection

beyond t he fail uBU&Lf JISTRIBIEEERt ANTHENDR: SY-8TEMoul d be

rendered useless in the antenna system In order to overcone this potenti al
drawback nodes may be coupled in parallel or series/parallel conbination to
provi de continued coverage in the e®@9TRACTa node failure

A distributed antenna system (30,35) is utilized
in a communication system for providing multipath
signals which facilitate signal diversity for enhanced
system performance. Each node (200) of the antenna
system (30,35) comprises more than one antenna (196).
Each antenna (196) at a common node (200) provides a
path having a different delay to the base station

(100).

FIGURE 2
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or interconnect cabling fault. A series/parallel conbination of nodes is
“illustrated in Figure 9 which represents a nodified enbodi nent of the
exenpl ary enbodi nent of Figure 2. New el enments 930, 932, 934, and 936,

whi ch do not correspond to elenents in Figure 2, are shown external to base
station 101. However these elenments €aul€d function equivalently if

I ncorporated within the base station. New el enents 930 and 934 are
splitters which couple the two antenna arrays to base station 101. The
first antenna array conprised of nodes 200A' - 200N receives and supplies
signals on distribution cables 130" and 132'. The second parallel antenna
array
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24 conprised of nodes 200A" - 200N receives and supplies signals on

i strilh t nReplacegnd 132" t hough added del ay el enents 932 and 936
respecti ﬁ g val ue of delay elenents 932 and 936 is ideally
chosen s ntenna in the systemexhibits a different delay with

respect to the base station. The2t epol ogy presented in Figure 9 can
take on a variety of
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alﬂﬁ&ﬁﬁbéMﬁmﬁgkﬂﬁelzaﬁ nodes and el enents of Figure 9 could be repl aced

‘mﬁth
coul d
par al
to the base station.
of alternative enbodi nents.
anal og receiver
The pl acenent of antennas in

conbi nati on of nodes could take on a varlety
gure 10. Figure
sets of segries arrays.
and coul d

topology is illustrated in Fi
and three parallel
is arbitrary in this exanple
station

| ements of Figure 3, 5, 7,
E !Bﬂmmﬂwan two arrays to the base station.
each node of the system coul d be independently connected
The base station 3opology also could take on a variety
Base station 101 could be altered to contain

115 meking this topology S|nllar to that of Figure 5.

be a

The

or 8. Splitters 930 and 934
In fact in a node

eri es/ parall el
One pl acenent
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afd ati on of any base
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~descri bed herein. Each antenna node, 950A - 950N, 950A" - 950N, and
950A"-950N", is a dual antenna node in accordance with the present

i nvention. Antenna nodes 950A -950N conprise the first array. Antenna nodes
950A" - 950N conprise the second array. Antenna nodes 950A" - 950N
conprise the third array. ldeally every antenna node of Figure 10 has a
different delay with respect to the base station. The placenent of the
antenna nodes in Figure 10 is illustrative of a distribution of antennas
whi ch woul d provide a good deal of protection against a fault. Instead of
pl acing the second array after the first array and the third array after
the second, the nodes of each array are interspersed with nodes of the
other arrays. In this configuration, a fault in one array does not
necessarily cause a conglete | ack of seny+g¢4at any point in the coverage
area of the base
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stati'onT I'nstéad of creating a | ocation where no service is provided, a
faul trfosHbet i Bdah @dbees: @ soft failure of the systemthat may |ower the

per f or I re system For high capacity areas, a parallel
or ser %B’“&E ﬂ‘ ﬂﬂm ination of nodes has additional advantages over the
simpl e on of an entiresmrray. ACDMA link is limted as to

a maxi nrum nunber of separate signals that it can efficiently conbine in a

gi ven comruni cati on channel. If nore than the nmaxi num nunber of signals
are present, the systemlc.apa,ci-ty—
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s ex e ed nd overaII system quality is degraded. Once the signals have
"been epa&% In the case of a single series of nodes, there is
no way t signals such that they can be sent to mul ti pl e
receiver aI | y denmodul ated. The base station circuitry needs to

limt the nunber of signals that are tr@ansmtted to the nobile units within
the range of its antennas. Each signal transmtted by the base station
i ncreases the noise level at every nobile 1 'i_swich is not the intended

desti nati on of
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the signal. By using a paraliTel or series/ parallel conbination of nodes
and a pl urplid $neePliad BfeRiRépbSg@nNd transmtters, the signal handling

capability o I station can be increased. To realize an
i ncrease in M{;Mﬁﬂ mF at a single base station, a systemis. designed
I n which the I two i ndepermdent arrays. In this case, an

I ndependent array is defined as any set of nodes where each node has a

different delay with respect to the base station and where each node in the

system can belong to qnly one_array. In this schene there is_ngQ

di sadvant ageft o havi ng two nodes

base stationyas long as the two 1odesml5§I ong|t® di ffErent i;r@epeﬁdeﬁt

arrays. The 'ﬁdependent arrays afe placed su In°~that52 here £sdsong jea
r

which is coveped by only one indapendgng arr Eac indep'@rﬁent Jel
suppl i ed |Z <2 <=
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interference to the other
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the total signal received at the nobile unit while decreasing the chance of
dest r uéhis &t HasrBeenRepldcbkew se when a nobile unit is positioned in the
cover age dependent arrays, the two receivers can individually
receive t can then conbine the energy fromeach path in the
denodul ati on process provi de a total9increased signal level. (This
process is very simlar to the process which is enpl oyed by base stations
conprised of nmultiple sectors in a standard CDVA cel lular system ) Note
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.26 that-the-topol-ogy-of Figure 9 conprising anal og receiver 115 does not
function to i crease ‘%%dcapacity of the base station 101 since receiver
115 r S8 3 o rom each node of the two parallel arrays shown.

An exenpl L [ t of this concept is shown in Figure 11 which is
based up f ation of Figurel®. -The first antenna array conprised
of nodes 920A" - 920N is coupledto analog transmtter 825 through

950N’
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.cable 927.. adder 847, and splitter 830. The first antenna array is also
coupl ed t.gi' A Bemn gdfacdnr ough cabl e 922', adder 845, delay 820, and

splitter 83 ntenna array conprised of nodes 920A" - 920N' is
coupled to Wt er 825" through cable 927", adder 847", and
splitter 830". The secC antenna ar+ & i-s al so coupled to anal og
transmtter 835 through cable 922", adder 845", delay 820", and splitter
830". Use of the dual sets of parallel antennas affords advantages to

the system during general operation as well as reducing the worst case
effects of mul tifpali_fadihid" The coherent cdmMbimimgTof~ theJseparate paths

within the basq st_:gtii-c‘rl\ni %r&ejl es the signal-tq;'rgol*seir'ay on the nobil e
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~.and inproved system performance. The advant ages of ﬂ_tmhe coI I ocat ed ant ennas
‘are much great er ~-ha Al Pl g o
twice as nmany ant empaSHEET E§$|{§§m There” ar e nﬁn
of the enbodi rren‘ts of HEPQA@@ , 3, 5, , 8, 9, 10; s4nt
si npl e rear r angeENTOf—ConpoRe: in each el errent A
I npl ementati on of these enbodi nents nay require p;owe nl X tt’ | ai'n,
filtering among ot hEUﬁInEISﬁFRIBtﬁFEﬁ% Mof fhe “re ‘ér“red """
enbodi ments is provided to enable any person ski I!I qgl in the art tom

use the present invention. The various nodifications’ o these- e'nbo nts
wll be readily apparent to those skilled in the art, and the generlc

princi pl es defined heB\QKXE&ROGEINDIOETHE I)NﬁéEI\EBI)@Nnent s without the

use of the
I. Field of the Invention

al n

The present application is a continuation-in-part application of
copending U.S. Patent Application Serial No. 07/849,651, filed March 9, 1992,
entitted "CDMA MICROCELLULAR TELEPHONE SYSTEM AND
DISTRIBUTED ANTENNA SYSTEM THEREFOR", now U.S. Patent No.
5,280,472 issued Januarv 18, 1994 which is a continuation of U.S. Patent
Application Serial No. 07/624,118, filed December 7, 1990, of the same title
and now abandoned, as such also relates to telephone systems. The present
invention relates to communication systems, partcularly indoor
communication systems including cellular telephones, personal
communication services (PCS), wireless private branch exchange (PBX) and
wireless local loop telephone systems. More specifically, the present
invention relates to a novel and improved distributed anterina system for
microcellular communication systems to facilitate indoor communications
using spread spectrum signals.

II. Description of the Related Art

The use of code division multiple access (CDMA) modulation
techniques is one of several techniques for facilitating communications in
which a large number of system users are present. Other multiple access
commurnication system techniques, such as frequency hopping spread’
spectrum, time division multiple access (TDMA), frequency division
multiple access (FDMA) and amplitude modulation schemes such as
amplitude companded single sideband (ACSSB) are known in the art.
However the spread spectrum modulation technique of CDMA has
significant advantages over these modulation techniques for multiple access
communication systems. The use of CDMA techniques in a multiple access
communication system is disclosed in U.S. Patent No. 4,901,307, issued
February 13, 1990, entitled “SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL
REPEATERS”, assigned to the assignee of the present invention, of which

-—- . ...the disclosure thereof is incorporated by reference.
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BRIEF DESCRIPTICN OF THE DRAWINGS

The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings:

Figure 1 is an illustration of an exemplary antenna pattern for a
distributed antenna system of the present invention;

Figure 2 is a block diagram of a basic exemplary dual element
distributed antenna system and base station interface;

Figure 3 is a block diagram of a basic exemplary E-structure element
distributed antenna system alternative to Figure 2;

Figure 4 is a block diagram of an exemplary implementation of a
remote or mobile unit transceiver;

Figure 5 is a block diagram of a basic exemplary dual element
distributed antenna system with an alternative base station interface;

Figure 6 is a block diagram of an exemplary microcell base station;

Figure 7 is a block diagram of a dual element distributed antenna
system using an active element structure;

Figure 8 is an altermative block diagram of a dual element distributed
antenna system using an active element structure;

Figure 9 is a block diagram of a basic exemplary dual element
distributed antenna system comprised of three paralle] arrays of antennas;
| Figure 10 is a block diagram of an exemplary placement of a dual
element distributed antenna system comprising a plurality of parallel arrays;
and

Figure 11 is a2 block diagram of a dual element distributed antenna
system comprising a two parallel arrays of antennas and comprising a base
station having multiple independent receivers.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A single set of antennas and delay elements provides the most
basic implementation of the distributed antenna function. Details of
the single set of antennas are disclosed in U.S. Patent Application Serial
No. 07/849,651 (now U.S. Patent No. 5280472) as mentioned above.
However a system employing a single set of antennas can experience
service quality reductions that can be alleviated by a dual set of antennas.
A CDMA system, to achieve high capacity, uses a strict power
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renote term nag fth other termndl

using digitall MM’H mmnl cation signal g,

an antenna sys afirst set O ant ennas;

a second set of spaced apart ant ennas, each antenna of said second set of
antennas corresponding in |location to &ycorrespondi ng antenna of said first

set of ant pittermined pairs of said antennas and wherein said initial delay element
is coupled in series therewith.

45.  An antenna system for transmitting and/or receiving a spread
spectrum modulated information signal coupled to a base station wherein
said spread spectrum modulated information signal is generated by spread
spectrum modulating an information signal with a pseudorandom noise
code comprised of a predetermined sequence of code chips each of a
predetermined chip duration, said antenna system comprising:

a set of delay elements, each delay element providing a delay time on
the order of a multiple of one chip duration in length;

a first set of antennas, each having an antenna coverage area;

a system of cabling coupling each of said antennas of said first set to
said base station and coupling one said delay elements between said base
station and at least one antenna of said first set;

a second set of delay elements, each delay element providing a delay
time on the order of a multiple of one chip duration in length;

a second set of antennas, each having an antenna coverage area, and
wherein each particular antenna of said second set of antennas corresponds
to a particular antenna of said first set in that the antenna coverage area of
said particular antenna of said first set and the antenna coverage area of said
particular antenna of said second set are substantially the same; and

a second system of cabling coupling each of said antennas of said
second set to said base station and coupling one said delay elements between
said base station and at least one antenna of said second set such that each
antenna of said second set has a different delay with respect to said base
station than said corresponding antenna of said second set of antennas with
respect to said base station.

46. In a digital communication system in which at least one
remote terminal communicates with other terminals through a base station
using digitally modulated communication signals, said base station having
an antenna system comprising:

a first set of spaced apart antennas;

~ asecond sef of spaced apart antennas, each antenna of said second set
of antennas corresponding in location to a corresponding antenna of said
first set of antennas; '
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BACKGROUND OF THE INVENTION

. Field of the Invention

The present application is a continuation-in-part application of
copending U.S. Patent Application Serial No. 07/849,651, filed March 9, 1992,
entiled "CDMA MICROCELLULAR TELEPHONE SYSTEM AND
DISTRIBUTED ANTENNA SYSTEM THEREFOR", now US. Patent Nao.
5,280,472 issued January 18, 1994, which is a continuation of U.S. Patent
Applicatidn Serial No. 07/624,118, filed December 7, 1590, of the same title
and now abandoned, as such also relates to telephone systems. The present
invention. relates to communication systems, particularly indoor
communication  systems including  cellular telephones, personal
communication sarvices (PCS), wireless private branch exchange (PBX) and
wireless local loop telephome systems. More specifically, the present
invention relates to a novel and improved distributed anterina system for
microcellular communication systems to facilitate indoor communications

using spread spectrum signals.
II. Desciption of the Related Art

The use of code division multiple access (CDMA) modulation
techniques is one-of several techniques for fadlitating communications in
which a large number of system users are present. Other multiple access
communication system techniques, such as frequency hopping spread
spectrum, time division multiple access (TDMA), frequency division
multiple access (FDMA) and amplitude modulation schemes such as
amplitude companded single sideband (ACSSB) are known in the art.
However the spread spectrum modulation technique of CDMA has
significant advantages over these modulation techniques for multiple access
communication systems. The use of CDMA techniques in a multiple access
commurnication system is disclosed in U.S. Patent No. 4,901,307, issued
February 13, 1990, entitled “SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL
REPEATERS”, assigned to the assignee of the present invention, of which
the disclosure thereof is incorporated by reference.

‘. S ' Goq640-7 2707
on: rrea,rasﬁ or' coupl ing said comuni cation signals betwee

&hsnm

ai dtStI’I bution neans for- providing a predeternined
d conmmuni catlon signal s coupl ed between said base station and
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second transm ssion cabling serially interconnecting said second set of
antennas and interconnecting a first one of said second set ORFRIMAGHMENT SIOFET
sai d base station. 3. The system of Claim 2 wherein said

communi cation signals are generated by spread spectrum nodul ati ng
information signals according to predeterm ned pseudorandom.noi se (PN) :
spreadi ng codes each conprised of a prgdeterm ned sequence of binary chips
each of a pre({gt grm ned chip duration,-and wherein said delay neans
conprises a plrt8RiLst BrerRaned pri@fend nEltiplgstcress teclindqua s d%kﬁéd\/\een

adj acent wioadal @dlagpesn@hbedi &k @:ﬂé@i’ﬂé‘%éle?’ho’i@ ngl‘ernﬁtuﬁ.‘%E &t hav
adj acent coupl ed ones of said antennas sai d* second set, each d y
el ement BFOVWCEHIRS gommunicate through satelhte cepeaters or terrestrial base

stations (also referred to as cell-sites stations, cell-sites, or for short, cells)
using code division multiple access (CDMA) spread spectrum
communication signals. [n using COMA communications, the frequency
spectrum can. be reused multiple times thus permitting an increase in
system user capacity. The use of CDMA results in a much higher spectral
efficiency than can be achieved using other multiple access techniques.

The terrestrial channel experiences signal fading that is characterized
by Rayleigh fading. The Rayleigh fading characteristic in the terrestrial
channel signal is caused by the signal being reflected from many different
features of the physical environment. As a result, a signal arrives at a
mobile unit receiver from many directions with different transmission
delays. At the UHF frequency bands usually employed for mobile radio
communications, including those of cellular mobile telephone systems,
significant phase differences in signals traveling on different paths may
occur. The possibility for destructive summation of the signals may result,
with on occasion deep fades occurring.

Terrestrial channel fading is a very strong function of the physical

- position of the mobile unit. A small change in position of the mobile unit
changes the physical delays of all the signal propagation paths, which
further results in a different phase for each path. Thus, the motion of the
mobile unit through the environment can result in a quite rapid fading
process. For example, in the 850 MHz cellular radio frequency band, this
fading can typically be as fast as one fade per second per mile per hour of
vehicle speed. Fading this severe can be extremely disruptive to signals in
the terrestrial channel resulting in poor communication quality.
Additional transmitter power can be used to overcome the problem of
fading. However, such power increases effect both the user by excessive
power consumption, and the system by increased interference.

The direct sequence spread spectrum CDMA modulation techniques
disclosed in U.S. Patent No. 4,901,307 offer many advantages over narrow
band modulation techniques used in communication systems employiag
satellite or terrestrial repeaters. The terrestrial channel poses special
problems to any communication system particularly with respect to
multipath signals. The use of CDMA techniques permit the special
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3
problems of the terrestrial channel to be overcome by mitigating the adverse

effect of multipath, e.g. fading, while also exploiting the advantages thereof.

In a COMA communication system, the same wideband frequency
channel can be used for communication by all base stations. Typically a
FDMA scheme is used where one frequency band is used for
communications from the base stations to the remote or mobile stations
(forward link) and another for communications from the remote or mobile
stations to the base stations (reverse link). The CDMA waveform properties
that provide processing gain are also used to discriminate between signals
that occupy the same frequency band. Furthermore the high speed
pseudonoise (PN) modulation allows many different propagation paths to
be separated, provided the difference in path delays exceed the PN chip
duration, i.e. I/bandwidth. If a PN chip rate of approximately 1 MHz is
employed in a CDMA system, the full spread spectrum processing gain,
equal tc_i the ratio of the spread bandwidth to system data rate, can be
employed to discriminate agairist paths that differ by more than one
microsecond in path delay from each other. A one microsecond path delay
differential corresponds to differential path distance of approximately 1,000
feet. The urban environment typically provides differential path delays in
excess of one microsecond, and up to 10-20 microseconds are reported in

' some areas. '

In narrow band modulation systems such as the analog FM
modulation employed by conventional telephone systems, the existence of
multiple paths results in severe multipath fading. With wideband CDMA
modulation, however, the different paths may be discriminated against in
the demodulation process. This discrimination greatly reduces the severity
of multipath fading. Multipath fading is not totally eliminated in using
CDMA discrimination techniques because there occasionally exists paths
with delayed differentials of less than the PN chip duration for the
particular system. Signals having path delays on this order cannot be
discriminated against in the demodulator, resulting in some degree of
fading.

It is therefore desirable in-- such communication systems that
some form of diversity be provided which would permit a system to reduce
fading. Diversity is one approach for mitigating the deleterious effects of

fading. Three major types of diversity exist: time diversity, frequency
diversity, and space diversity.
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4. The systemof Glaim1 wherein said antennas of said firspepeACENEN SHEET
predeterm ned antenna pattern with said antennas of said first set _
positioned with overl appi ng patterns. . 5. The systemof Claim4 -~
wherein said antennas of ~said second set have a predeternined antenna -
pattern wherein each antenna of said sgcond set .is positioned with -

substant ol .oy LeRRLIY B LB tbblLisal o 0ht SORORF BfeBhEntz gt o ¢

di stri butriterieaengs ardrpricredetectisn amﬁrtsmesaoancm:hhlgl whideis al form of

| nter conpacdi i Sfle fAresind vt PR s AL Bk TheQMEGH4iTHed o' £ St
form of time diversity.

CDMA by its inherent nature of being a wideband signal offers a form
of frequency diversity by spreading the signal energy over a wide bandwidth.
Therefore, frequency selective fading affects only a small part of the CODMA
signal bandwidth.

Space or path diversity is obtained by providing multiple signal paths
through simultaneous links from a mobile user through two or more base
stations. Furthermore, path diversity may be obtained by exploiting the
multipath environment through spread spectrum processing by allowing a
signal arriving with different propagation delays to be received and
processed separately. Examples of path diversity are illustrated in U.S.
Patent No. 5,101,501, issued March 31, 1992, entitled “SOFT HANDOFF IN A
CDMA CELLULAR TELEPHONE SYSTEM”, and U.S. Patent No. 5,109,390,
issued April 28, 1992, entitled “DIVERSITY RECEIVER IN A CDMA
CELLULAR TELEPHONE SYSTEM”, both assigned to the assignee of the
present invention.

The deleterious effects of fading can be further controlled to a certain
extent in'a CDMA system by controlling transmitter power. A fade which
decreases the power received by the base station from the mobile unit can be
compensated for by iﬁcreas{ing the power transmitted by the mobile station.
The power control function operates in accordance with a time constant.
Depending on the time constant of the power control loop and the length of
time of a fade, the system may compensate for the fade by increasing
the transmit power of the mobile unit. A system for bagstation and mobile ‘
unit power control is disclosed in U.S. Patent No. 5,056,109,
issued October 8, 1991, entitled “METHOD AND APPARATUS FOR
CONTROLLING TRANSMISSION POWER IN A CDMA CELLULAR
MOBILE TELEPHONE SYSTEM”, also assigned to the assignee of the present
invention.

The existence of multipath can provide path diversity to a wideband
PN CDMA system. If two or more paths are available with differential path
delay greater than one chip duration two or more PN receivers can be
employed to separately receive these signals at a single base station or
mobile unit. Since these signals typically exhibit independence in~
multipath fading, i.e., they usually do not fade together, the outputs of the
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one of said first set of antennas to said base station; and LAWT SHEET
antenna of said second set of antennas is operatively coupl edBfE%'an'antenna_
of said first. set of antennas. 7. The system of Caim 6 wherein
said conmuni cation signals are generated by spread spectrum nodul ating

I nformation signals according to predetgr m ned pseudorandom noi se "( PN)

spreadi ng codes each conprised of a predetern ned sequence of binary chips
each of alWPeERE(ETS a8 ﬁi‘f&"ﬂ[ﬁr‘ﬁ’t Fembigad. whBerafars 3j l@ssdnagentesmance

conpri sesonly accursiwihenShotH tcalvdry ¥petind¥ falesapithe aacke dnsa 0t Ret }Nee”

a1 011 v P RopE i B Re et InGRIR OF oBenroY IS dlgrio it Pnt Sa d

comuni catrecgivers in combination with a diversity combiner. [n order to exploit the
existence of multipath signals, to overcome fading, it is necessary to utlize a
waveform that permits path diversity combining operations to be
performed.

A method and system for constructing PN sequences that provide
orthogonality between the users so that mutual interference is reduced is
disclosed in U.S. Patent No. 5,103,459, issued April 7, 1992, entitled
“SYSTEM AND METHOD FOR GENERATING SIGNAL WAVEFORMS IN
A CDMA CELLULAR MOBILE TELEPHONE SYSTEM”, also assigned to the
assignee ‘of the present invention. Using these techniques to reduce
mutual interference allows  higher system user capacity and better link
performance. With orthogonal PN codes, the cross-correlation is zero over
a predetermined time interval, resulting in no interference between the
orthogonal codes, provided only that the code time frames are time aligned
with each other. '

The above mentioned patents and patent applications disclose a
‘novel multiple access technique wherein a large number of mobile unit
telephone system users communicate through satellite repeaters or
terrestrial base stations using code division multiple access spread spectrum
modulation that allows the spectrum to be used multiple times. The
resulting system design has a much higher spectral efficiency than can be
achieved using previous multiple access techniques.

In cellular telephone systems, a large geographic area is provided
with mobile telephone service by installing a number of base stations, each
positioned to cover a cell, and the set of cells situated so as to provide
coverage of the entire geographic area. If service demand exceeds the
capacity that can be provided by a set of base stations providing coverage
over a certain area, the cells are subdivided into smaller cells and more base
stations are added. This process has been carried out to the extent that some
major metropolitan areas have nearly 400 base stations.

In a further development of the cellular telephone idea, it is desired
to provide a number of very small cells, called microcells, which would
provide coverage of a very limited geographic area. Usually, it is considered
that such areas are limited to a Single floar of an office building and the
mabile telephone service can be viewed as a cordless telephone system that
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signals on an order of at |east one chip duration; and a second _
plurality of delay el enents, each disposed between adjacent CQEWMI‘MSSHEET
of said antennas of said first set of antennas, each delay elenent :
providing a delay in said communication signals on an order of at |east

one chip duration. 8. © The systemof C aim6 wherein said antennas
of said first set have a predeterm ned antenna pattern with said antennas
of said first set positioned with overlapping patterns. 9. The

system of Claim8 wherein said antennas of said.second set have a
predet erm ned antenna pattern wherein eédch antenna of said second

may or may not be compatible with the mobile cellular telephone system.
The rationale for providing such a service is similar to the reasoning for use
of Private Branch Exchange (PBX) systems in business offices. Such systems
provide for low cost phone service for a large number of calls between
phones within the business while providing simplified dialing for internal
phone numbers. A few lines are also provided to connect the PBX system to
the public telephone system, allowing calls to be made and received between
telephones in the PBX system and telephones located elsewhere. It is
desirable for the microcell system to provide a similar level of service but
with the added feature of cordless operation anywhere within the service
area of the PBX. '

In the indoor communication system environment, path delays are
typically much shorter in duration than experienced in the outdoor
communication system environment. In buildings and other indoor
environments where indoor communication systems are used, it is
necessary to provide a form of diversity which enables discrimination
between multipath signals.

The primary problem solved by the disclosed invention is the
provision of a simple antenna system that provides high capacity, simple
-installation, good coverage and excellent performance. Another problem
solved by the present invention is that it achieves the above coverage while
maintaining compatibility with the mabile cellular system and while taking
a negligible amount of capacity away from the mobile system. This is
achieved in the disclosed invention by combining the capacity properties of
CDMA with a new distributed antenna design that confines the radiation to
a very limited and carefully controlled area.

The implementation of spread spectrum communication techniques,
particularly CDMA techniques, in an indoor environment provides features
which vastly enhance system reliability and capacity over other
communication systems. CDMA techniques as previously mentioned
further enable problems such as fading and interference to be readily
overcome. Accordingly, CDMA techniques further promote greater

frequency reuse, thus enabling a substantial increase in the number of
system users.
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set is positioned with substantially overl appi ng patterns with .sai
correspondi ng antenna of said f| rst set ' _ REPLA G(EMENT SHEET
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SUMMARY OF THE INVENTION

A key aspect in implementing an indoor commurication system is
the usage of the dual set of distributed antennas of the present invention.
In this concept, two sets of antennas are fed by a comunon signal with ordy
time delay processing to distinguish signals. The transmit output of the
base station is fed to a string of antenna elements, for example with a coaxial
cable. The antenna elements connect to the cable using power splitters. The
resulting signals, amplified and frequency converted as necessary, are fed to
the antennas. The salient features of this distributed antenna concept are as
follows: (1) simple and inexpensive dual antenna node &esign; (2)
neighboring antennas have time delays inserted in feed structure so signals
received and transmitted from neighboring antennas are distinguishable by
PN temporal processing; (3) exploitation of direct sequence CDMA's ability
to discriminate against multipath; and (4) creation of deliberate multipath
that satisfies discrimination criteria.

In the present invention, two sets of antenna cables are positioned in
parallel thus creating a series of nodes comprised of two antenna elements.
Signals transmitted from antennas of different antenna elements at a
common node are provided different delay paths between the base station

- and the antenna. The antenna elements may comprise down conversion
circuitry thus reducing the cabling path loss between the antenna elements
and the base station and allowing the use of readily available SAW devices
as delay elements. .

Another advantage is that little site specific engineering is required
for installation. Normally, antenna placement is determined only by
physical constraints, together with the requirement that every location
desiring service must be covered by a set of two antennas. There is no
concern for the overlapping of antenna patterns. In fact, overlapping
coverage is desirable in that it provides diversity operation to all terminals
in the overlap area. Overlap is, however, not required.

The advantages of the distributed antenna concept are clear when
considering the inherent simplicity of the base station equipment required
to support indoor communications of the type such as cellular telephone.
PCS, wireless PBX, wireless local loop or wireless home extension
telephone.
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10. The systemof Claim2 further conprising: a third set of spaced
apart antennas, each antenna of said third set of antennas correspon

| ocation to a correspondlng antenna of said first set of antennBEg %M%NWéHHﬂ
si gnal di stribution neans for coupling said conmmuni cation S|gnals bet ween

sai d base station and said antennas of &id third set of antennas; and

del ay neans operatively coupled to said antennas of said third set and said

Communi cat i on 51 gnal R ELRoRaRE Y, Pr e PR TRE ai 4 2t ennas.

The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjuncdon with the drawings:

Figure 1 is an illustration of an exemplary antenna pattern for a
distributed antenna system of the present invendon;

Figure 2 is a block diagram of a basic exemplary dual element

- distzibuted antenna system and base station interface;

Figure 3 is a block diagram of a basic exemplary E-structure element
distributed antenna system alternative to Figure 2;

Figure 4 is a block diagram of an exemplary implementation of a
remote or mobile unit transceiver;

Figure § is a block diagram of a basic exemplary dual element
distributed antenna system with an alternative base station interface;

Figure 6 is a block diagram of an exemplary microcell base station;

Figure 7 is a block diagram of a dual element distributed antenna
system using an active element structure;

Figure 8 is an alternative block diagram of a dual element distributed
anterma system using an active element structure;

Figure 9 is a block diagram of a basic exemplary dual element
distributed antenna system comprised of three parallel arrays of antennas;

Figure 10 is a block diagram of an exemplary placement of a dual
element distributed antenna system comprising 2 plurality of parallel arrays;
and :

Figure 11 is a block diagram of a dual element distributed antenna
system comprising a two parallel arrays of antennas and comprising a base
station having multiple independent receivers.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A single set of antennas and delay elements provides the most
basic implementation of the distributed antenna function. Details of
the single set of antennas are disclosed in U.S. Patent No. 5,280,472
issued as mentioned above.
However a system emploving a single set of antennas can experience
service quality reductions that can be alleviated by a dual set of antennas.
A CDMA system, to achieve high capacity, uses a strict power
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11. The systemof Caim 10 wherein said signal distribution rreaﬁ?sPLACEth >
conprises third transnission cabling serially interconnecting said third

set of antennas and interconnecting a first one of said third set of

antennas to said base station. 12. In a comunication system in
which system users communicate through a base station with renpte system

users, said renpte system users co ni ¢ating through said ase statjon via
a radio Ilfdmttrhbr@\ﬁnghm%rd Bash %h%nue&rﬁﬂ% ts enough IMAf c&Xi on

te][m nal ”?&R%xﬁﬂ&aﬁdomaﬂ &feahidinadthattie fowes et losertadthescahile
' nformat] on nit. QEerra\lequ arn%\ﬁ'sdévr}% A1 RhEF gn? 04" Hllls have less than optimal
energy.

The effects of multipath fading may cause a momentary degradation
of service if a mobile unit is positioned in close proximity to a first antenna
and positioned at some great distance from other antennas. Under this
condition the mobile unit transmits encugh power to communicate with
the first antenna but not encugh power to communicate reliably with the
distant antennas. If under this condition the mobile unit were to abruptly
experience a severe multipath fade with respect to’the first antenna, the
reduced signal level at the first antenna and the low signal level at the
distant antennas may cause a degradation in service. Communication
between the base station and the mobile unit would be sub-optimal until
the power control loop increased the transmit power from the mabile unit
or until the mobile unit moved to alleviate the multipath fading.

The sub-optimal performance created as described above can be
mitigated by placing two antennas at each node. Thus, as opposed to evenly
distributing single antennas, the mobile unit in general has similar
distance, and hence path loss, between pairs of collocated antennas. If the
mobile unit is positioned in close proximity to a pair of collocated antennas

' and positioned at some great distance from other antennas and the mobile
unit abruptly experiences a severe multipath fade with respectto  one. of
the collocated anteninas, the second collocated antenna should have
sufficient signal level to maintain communication with the mobile unit
without degradation. -

To obtain maximum benefit from the present invention, the
collocated antennas should exhibit an independence in fading meaning that’
the probability that a severe fade would occur for both antennas at the same
mobile unit location is small. To achieve independent fading, a degree of
diversity between the collocated antennas is required.

One way to achieve diversity in collocated antennas is to place the
antennas some distance apart. The distance should allow the two antennas
to have substantially the same coverage area while being spaced apart
enough to provide independent fading. Placing two antennas at one base
station to obtain diversity is common practice in macrocellular systems. [n
a rmacrocellular system, two antennas having relatively large coverage
areas, generally on the order of several miles, are placed at one base station.
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modul at ed renote user directed information signal, and for recei viRpgLaGtitivl diitc
separately denodul ating a first and second aggregate spread spectrum

nodul at ed renote system user information signal; first antenna neans

for receiving a plurality of -spread spectrum nodul ated renote system user

I nformati on signals, each of said spread spectrum nodul ated renote system

user information signals of a predetermtBed tine delay with respect to one

anot her, cbypicallifigheaintephas are pjacsd aoutail $pft wanelengtitalabout dnst B2
Spoct rum ndnl e ) eehey T e AP i
first aggrtyaPtaispadhdivpesilyy and fBus independennecinsiadiag) user i nformation
signal's to sai'd A QpEaHd GRbHY k8T JBHIéYe EI98PSiRNA collocated antennas is to
provide each antenna of a set of collocated antennas with a different
polarization, such as vertical and horizontal polarization. A standard
indoor environment is bounded in three dimensions. A mobile unit
within the three dimensional structure has a variety of signal paths to/from
a fixed antenna involving multiple reflections from the surfaces of the
structure. Depending on the angles involved, each reflection of a signal
may ratate the polarization of the reflected signal. Therefore two signals
having different polarization reflecting from the same set of surfaces form
two signil paths having different phase characteristics. Because the signals
have different phase characteristics, they also have different fading
characteristics. Due to this process, two collocated antennas where the
antennas have two different polarizations possess a high degree of
independence in fading even if the antennas are placed very close to one
another.
. Figure 1 provides an illustration of an exemplary antenna pattern for
a dual set of antennas configured in accordance with the present invention.
~ The antenna pattern, as illustrated in Figure 1, is generated by two series of
- omnidirectional antennas. Each set of antennas (30A-J and 35A-J) defines an
aritenna pattern 40A - 40] that is preferably overlapping with the pattern of
neighboring antennas. For example, antennas 30A and 35A define the
antenna pattern 40A. Neighboring antennas refer to antennas having
overlapping or contiguous antenna patterns which are not collocated
antennas at a common node. The overlapping of patterns provides
continuous antenna coverage for the desired area. The two sets of antennas |
are coupled in series in an exemplary manner. The first set of antennas is
coupled as indicated by line 10. The second set of antennas is coupled as
indicated by line 20. The second set of antennas is approximately in parailel
with the first set of antennas such that each antenna of the first set. is
collocated with an antenna of the second set. |
As mentioned previouslv, control of signal power is an important
aspect of a CDOMA telephone system in order to realize high user capacity. A
conventional omnidirectional antenna radiates a signal roughly equal ' in
all directions. The signal strength is reduced with radial distance from the
antenna according to the propagation characteristics of the physical
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second antenna neans for receiving a plurality of spread spectrum nodul at ed

-renote system user information signals, each of said spread
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environment. The propagation characteristics may vary from inverse

second power to inverse 3.5 power law of the radial distance between the
mobile unit and the fixed antennas.

A base stadon that is designed to serve a certain radius must transmut
at a sufficient power level so that a mobile unit at the edge of the cell -
covered by the base station receives an adequate signal power level. Mobile
units that are closer than the edge of the cell receive a greater than adequate
signal level. Directional antenna: beams can be formed using a variety of
techniques known in the art. However, the forming of directional beams
cannot alter the propagation law. Coverage of a desired area by a signal can
be obtained by a combination of antenna pattern, antenna placement, and
transmittey power. '

The use of a distributed antenna system provides the desired antenna
pattern, such as coverage of a hallway of a building, where each antenna
element provides limited coverage. In providing limited antenna coverage
the power necessary to reach a mobile unit within the smaller coverage area
is correspondingly reduced since propagation loss is reduced.

Howaever, there is a problem with multiple antennas all radiating the
same signal. There may be areas, particularly near points equidistant from
two or more of the antennas where signals may be received from the
two antennas that cancel each other. Points where the signal may cancel are
separated by approximately one-half wavelength. At 850 MHz this is equal
to 17.6 cm or about 7 inches. If two signals arrive at the receive antenna at
equal strength but opposite in phase, then they may so cancel. Essentially,
this is man-made multipath fading. As with natural multipath fading,
diversity is the best method for mitigation of fading. The CDMA system
design. provides several methods of diversity for mitigation of multipath
fading. . '

The above mentioned patents and copending patent applications
disclose a cellular telephone system that uses a CDMA modulation with
a 1.25 MHz bandwidth, multiple forms of diversity, and very careful
transmitter power control. One method of exploiting diversity is the
provision of a "rake” receiver architecture in which multiple receivers are
provided, each capable of receiving a signal that has traveled a different path
and therefore exhibits a different delay. Included is a separate searcher
receiver which continuously scans the time domain looking for the best
paths and assigning the multiple data receivers accordingly.
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30 spectrum nodul ated renmpte system user information si gnhals of a
predetermined tinme delay with respect to one another, conbi ni rREPSACEMENT bHLtT
plurality of spread spect rum nodul at ed renpte system user information

signals to formsaid second aggregate spread spectrum nodul ated renote
system user information signal and proyjding said second aggregate spread
spectrum nodul ated renote sy stem user ]lzlnformatlon signals to said

communi cat i on ‘f‘-éPFﬁ%'efF‘ﬁ%@f diversity EPSPathTﬁé’%?‘é'Ven&bPa@\ Sivecsy Wi ei n

said firsfigaal aBNsadias ABeh Sl ipee OdtteARREN i JRENRg CAtteC AN I HRS:
propagation path. [f two of more antennas can provide acceptable
communication paths to the mobile unit receiver then fading mitigation
through path diversity can be obtained.

In the microcell system it is desired to provide multiple antennas in
order to provide coverage in a desired coverage area but the capacity
demand for the system does not require that each antenna be supplied with
a separate set of signals as in the conventional cellular system. Instead, to
minimize the cost and complexity of the system, it is desired to feed some or
all of the antennas in the microcell system with the same RF signals. In
areas of the microceil system' where good paths are possible to two or more
of the antennas then path diversity can be obtained.

What is desired is a simple, low cost way to distinguish the signals
feeding. the different antennas without adding significantly to the
complexity of the system. The method for so doing in the present
invention is the addition of delay elements in the feeder lines between the
base station transceiver and the antennas elements within an array of
antennas. , .

Figure 2 illustrates an embodiment using a dual set of antennas with
delay elements. Base station 100 provides signals to a.nd'accepés sigﬁals from
the antenna array comprising node 200A - 200N. Analog transmitter 120
produces the RF signal for transmission by the distributed antenna array.
The signal is split to form two signals to be transmitted by the parallel paths
by splitter 160. The first transmit path is delayed by delay element 150 and
then coupled to the first receive path by combiner 140 that may be replaced
with a‘duplexer. The second transmit path is directly coupled to the second
receive path by combiner 170 that may also be replaced with a duplexer.
Combiner 180 sums the two receive paths, one of which has been delayed by
delay element 155, and analog receiver 110 accepts the combined incoming
RF signal for processing.

The combined receive and transmit signals are cabled via distribution
cables 130 and 132 to first node 200A comprising two distribution
elements 190. Each element 190 comprises coupler 192 for coupling 2
portion of the signal between antenna 196 and a respective distribution
cable 130 or 132. Each element 190 also comprises delay element 194 for
delaying signals and providing diversity from other antenna elements on
distribution cable 130 or 132. Delay element 150 provides the diversity of
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a plurality of spaced apart antennas; signal distribution nmeans for
coupling said spread spectrum nodul ated renpote user directed iRﬁMWWﬁNENﬁSHEET
signal fromsaid comunication term nal neans to each of said antennas; and
del ay nmeans operatively .coupled to said antennas and said signal .

di stribution neans for providing a different predeterm ned delay in said
spread spectrum nodul ated renpte user directed information signal as

coupl ed by said signal distribution neans to each of said antennas.

14. The system of Caim 13 wherein $aid spread spectrum nodul ated renote
user di r eigrads i9ff cellacated sintgnmas atgermmitreah byodi.r eDelae plement 49dead

spect rum DGRt iRk 3 érsiBE §ighias AbhfHei@hboring antennas. To retain
complete time diversity of each neighboring antenna, the delay time of
delay element 194 should be different than the delay time of delay
element 150. An exemplary relationship in the delay period of delay
elements 150 and 194 is such that the delay between the base station and
every antenna in the system is different by at least one chip duration. The
difference in delay can be achieved by selecting the delay time of
element 150 to be greater than the sum of the delays in a single path (e.g. the
delay of element 150 is N times the delay of element 194). [t can also be
achieved by selecting the delay time of element 150 to be an appropriate
submultiple of the delay of element 194 (e.g. the delay of element 150 is
equal to one chip duration and the delay of element 194 is two chip
durations). A second node 200B, containing like elements, is cascaded in
series with first node 200A. The set of antennas continues in this manner
for the length of the dual sets.

An alternative embodiment of Figure 2 is illustrated in Figure 3.
Figure 3 has an E-structure while performing the same function as the
parallel structure of Figure 2. Within base station 102, analog .-
transmitter 240 and énalog receiver 250 are coupled by combiner 260 to
distribution cable 230. Each node in the E-structure comprises a first
coupler 212 that couples signals between distribution cable 230 and
antenna 218. A second coupler 214 couples signals between distribution
cable 230 and second antenna 222 via delay element 220. Delay element 220
is used to provide time diversity at node 210A between antennas 218
and 222. A second delay element 216 is positioned in series with cable 230
and provides diversity between nodes, e.g. between nodes 201A and 210B.
Components 212 - 222 can be rearranged within each node in a variety of
fashions to perform the same basic function. _

If the multiple antenna systems described above are provided with
delay lines in the feeders such that the signal from each antenna is at least
one chip duration delayed from its neighbors, then the multiple receiver
architecture of the mobile units allows the signal from each antenna to be
received separately and to be coherently combined in such a way that
cancellation does not occur. In fact, tading due to other reflections in the
environment can be greatly mitigated by the disclosed technique because a

form of path diversity is provided.-
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I nformati on signal with a pseudorandom noi se (PN) spreadi-ng CE&E@Q&MQWTSHEET
of a predeterm ned sequence of binary chips each of a predetB ' chip
durati on. 15. The system of Claim 14 wherein said del ay neans
conprises a plurality of delay el enents each operatively coupled to a
respective one of said plurality of spaced apart antennas, each del ay
el ement providing a delay in said spreqﬁ spectrum nodul ated renote user

o)

an order of at Teapekdity c¥htlarifd ot dte Uaa FefRvekd WA SefiRer cr
syst em of regeayen 1Thehsagtnes aeckivenscans he dimesdomaiondetaiminiagwivhiat sai d
System usghensP@dsOhRE ' whiiPhfe BYS sE8hgest paths. The available data receivers
| are then assigned to demodulate the signals raveling the strongest available
paths. The base station receivers contain a similar capability.

Figure 4 illustrates in block diagram form an exemplary mobile unit
CDMA telephone set. The mobile unit includes an antenna 300 which is
coupled through duplexer 302 to analog receiver 304 and transmit power
amplifier 306. |

Receiver 304 receives the RF frequency signals from duplexer 302 for
amplification and frequency downconversion. The signals are also filtered
and digitized for providing to digital data receivers 310A - 310N .and
searcher receiver 314. Further details of an exemplary embodiment of
receivers 304, 310A - 310N and 314 are illustrated in the above-mentioned
U.S. Patent Nos. 5,103,459 and 5,109,390.

Receiver 304 also performs a power control function for adjusting the
transmit power of the mobile unit. Receiver 304 generates an analog power
control signal that is provided to transmit power control circuitry 308.

The digitized signal at the output of analog receiver 304 may contain
the signals of many on-going calls together with the pilot carriers
transmitted by the current base station and all neighboring base station. The
function of the receivers 310A - 310N are to correlate the samples with the
proper PN sequence. This correlation process provides a property that is
well-known in the art as “processing gain” which enhances the signal-to-
interference ratio of a signal matching the proper PN sequence while not
enhancing other signals. Correlation output is then synchronously detected
using the. pilot carrier from the closest base station as a carrier phase
reference. The result of this detection process is a sequence of encoded data
symbols.

A property of the PN sequénce as used in the present invention is
that discrimination is provided against multipath signals. When the signal
arrives at the mobile receiver after passing through more than one path, or
in the present invention through more than one antenna, there is a
difference in the reception time of the signal. If this ime difference exceeds
one chip duration, then the correlation process discriminates between the
signals. The data receiver can track and demodulate either of the earlier or
later arriving signal. If two or more data receivers, typically three. are
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users through sai d base station by transmtting said spread spectrum

modul ated renote system user information signals to said bagﬁ1 @EW\ENT £4
transfer to intended recipient systemusers and renote syst
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15
provided then multiple independent paths can be racked and processed in
parallel.

Searcher receiver 314, under control of control processor 316 is
continuously scanning the time domain around the nominal time of a
received pilot signal of the base station for other multipath pilot signals.
Receiver 314 measures the strength of any reception of a desired waveform
at times other than the nominal time. Receiver 314 compares signal
strength in the received signals. Receiver 314 provides a signal strength
signal to control processor 316 indicative of the strongest signals.
Pracessor 316 provides control signals to data receivers 310A - 310N for each
to process a different ane of the strongest signals.

The outputs of receivers 310A - 310N are provided to diversity
combiner and decoder ciccuitry 318. The diversity combiner circuitry
contained within circuitry 318 adjusts the timing of the two streams of
received symbols into alignment and adds them together. This addition
process may be proceeded by multiplying the two streams by a number
corresponding to the relative signal strengths of the two streams. This
operation can be considered a maximal ratio diversity combiner. The
resulting combined signal stream is then decoded using a forward error
correction (FEC) decoder also contained within circuitry 318. The usual
- digital baseband equipment is a digital vocoder system. The CDMA system
is designed to accommodate a variety of different vocoder designs.

Baseband circuitry 320 typically includes a digital vocoder (not shown)
which may be a variable rate type. Baseband drcuitry 320 further serves as
an interface with a handset or any other type of peripheral device. Baseband
circuitry 320 provides output information signals to the user in accordance
with the information provided thereto from circuitry 318.

- In the mobile unit-to-base station link (reverse link), user analog
voice signals are typically provided through a handset as an input to
baseband circuitry 320. Baseband circuitry 320 includes an analog to digital
(A/D) converter (not shown) which converts the analog sxgnal to digital
form. The dxgxtal signal is provided to the digital vocoder where it is
encoded. The vocoder output is provided to a forward error correction
(FEC) encoding circuit (not shown). In the exemplary embodiment the error
correction encoding implemented is of a convolutional encoding scheme.

~ The digitized encoded signal is output from baseband circuitry 320 to
transmit modulator 322.
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31 17. In the comrunication systemof Caim1l3 wherein said renote
system users comuni cate with said systemusers and ot her renote sl\ﬁ&sphe? EET
users through said base station by transmtting said- spreadR&pestiN HEE
nmodul at ed renote systemuser information signals to said base station for
transfer to intended recipient systemysers and renote system users.

user direot od THFOMIEIPORAERGP 21 CpoRBscie M S cip el drspifond
spect r um gedvplaty ngnbedineans e dsedrydorthogedal signatbng aaclngnal bagedh a
pseudor a”&é’é‘h Wakkh éo@s, %R&e&%‘n”&o%{ﬂgtes the encaded signal on a PN carrier -
' signal whose PN sequence is common amongst all maobile units, but is of a
different code phase offset assigned to the mobile station for the call. In the
alternative the PN sequence may be chosen according to the assigned
address function for the call. The BN sequence is determined by control
processor 316 from call setup information that is transmitted by the base
station and decoded by receivers 310A - 310N and control processor 316.
Control processor 316 provides the PN sequence information to transmit
modulator 322 and to receivers 310A - 310N for call decoding. As a further
detail an quter PN code may be used upon the PN spread signal. Further
details on data modulation are disclosed in U.S. Patent No. 5,103,459.
Transmit modulator 322 further converts the modulated signal to
analog form for modulating upon an IF carrier. The IF signal output from
transmit modulator 322 is provided to transmit power control circuitry 308.
In dreuitry 308 transmission signal power is controlled by the analog power
control signal provided from receiver 304. Control bits transmitted by the
microcell base station in the form of power adjustment commands are
processed by data receivers 310A - 310N and provided to control
processor 316. These power adjustment commands are used by control
processor 316 in seftx'ng the power level in mobile unit transmission. In
response to these commands, control processor 316 generates a digital power
control signal that is provided to circuitry 308. Further information on the
relationship of receivers 310A - 310N and 314, control processor 316 and
transmit power control 308 with respect to power control is available in the
above-mentioned U.S. Patent No. 5,056,109.
Transmit power control circuitry 308 outputs the power controlled
modulated signal to transmit power amplifier circuitry 306. Circuitry 306
amplifies and converts the IF signal to an RF frequency. Circuitry 306
includes an amplifier which amplifies the power to a final output level.
The intended transmission signal is output from circuitry 306 to
duplexer 302. Duplexer 302 couples the signal to antenna 300 for
transmission to the microcell base station.
The base station structure is similar to the mobile unit structure of
Figure 4. The preferred embodiment of the base station described below
contains elements corresponding to Figure 5 which illustrates an alternative
base station structure embodiment of the structure of Figure 2. In Figure 5
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sai d spread spectrum nodul ated renote user directed information signal is-
generated by direct sequence spread spectrum nodul ati ng said renpte user
directed information signal with a first pseudorandom noi se (PN) spreading
code conprised of a first predetermn sequence of binary chips each of a
first predeternm ned . chignasirecsived Aydthepase prasian {preachunf thepaaalid renot e

system user _igddentit| on_ s

spectrum

pseudor an

e Rt e S
noijsed (IRNhes BREREFHIOR I CORPRaTSk comaingecamdigital bits.

demo e demodulation of the two returning paths has several advantages

.s egii:mg increased signal to interference ratios due to the coherent
:;mbinins and less fluctuatdons in power control both of which lead to high
mobile unit-to-base station link capacity.

In Figure 3, the nodes and elements are identical to corresponding
clements in Figure 2. Base station 100' has a modified RF structure as
shown in Figure 5. Additional analog receiver 115 functions independently
of analog receiver 110 with each coupled different demodulators as further
illustrated in Figure 6. Combiner 180 and delay element 155 of Figure 2
have bee;L eliminated since there is no need for these components in this
particular embodiment. .

Figure 6 illustrates in block diagram form the exemplary embodiment
of a microcell base station. In Figure 6, the receiver system is comprised of
analog receiver 110 and optional analog receiver 115 corresponding to like
components of Figures 2 and 5. The receiver system is further comprised of
independent searcher receiver 500 and digital data receivers 510A - 510N

associated with analog receiver 110; independent searcher receiver 515 and

_digital data. receivers 520A - 520N associated with analog receiver 115; and

diversity and combiner & decoder circuitry 530. It should be noted that for
the antenna implementation of Figure 2 the base station need not include
searcher receiver 515, digital data receivers 520A - 520N, and analog
receiver 115 The receiver system may also include associated with each
analog receiver 110 and 115 any number of digital data receivers. It should
be understood that as few as one digital data receiver (e.g. data
receiver 510A) associated with each analog receiver may be employed.
However in order to take full advantage of the functionality of a rake
receiver it is preferred that two or more data receivers, e.g. typically three or
four, be employed for each antenna system. Further details of an exemplary
embodiment are provided in U.S. Patent Nos. 5,103,459 and 5, 109,390.

As illustrated in Figure 5 analog receivers 110 and 115 respectively
output a digitized version of composite signal formed from the
transmissions of one or more mobile units. Searcher receivers 500 and 515
each track the multipath propagations of an individual mobile units
transmission . Data receivers S10A - SION and S20A - S20N each are
assigned to demodulate a particular multipath propagation of the
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predet ermi ned sequence of binary chips each of a second predetermn ' .
dur ati on. 20. The system of Caim 17 wherein said spr%&&%ﬁ@@m%ﬁ#ﬁm
nodul ated renote user directed information signal and said spread $pectrum
nodul at ed renote system user information signal are generated by
respectively direct sequence spread spectrum nodul ati ng said renote user
directed information signal and said ré8ote systemuser information signal
with a psewdulanrdotamaaigeal A\exeacedt agcodedt massnge dada.of Tie cpmedsiter m ned

sequence gb0] kYL F B 10 YeclivE 4905144 199 &%4190 SHHAELE other
sets of searcher receivers and corresponding data receivers (not shown)
which are identical in construction to searcher receivers 500 and S13 and
data receivers S10A - S1ON and $20A - 520N for tracking and demodulating
signals ransmitted by other mobile units.

The microcell base station of Figure 6 includes CDMA controller 340
which is coupled to data receivers S10A - 510N and 520A - 520N along with
searcher receivers 500 and 515. CDMA controller 540 provides Walsh
sequence and code assigrunent, signal processing, timing signal generation,
power control and various other related functions. _

Signals received on one of the sets of antennas are provided to analog
receiver [10 and then to searcher receiver 500. Searcher recesiver S00 is used
to. scan the time domain about the received signal to ensure that digital data
receivers S10A - SION are tracking and processing the strongest available
time domain signals associated with a particular mobile unit. Searcher
receiver 500 provides corresponding signals to CDMA controller 540 which
in response thereto generates and provides control signals to digital data
receivers S10A - SION for selecting the appropriate received signal for
processing. . ‘

Signals received on the second of the set of distributed antennas, if
used, are provided to analog receiver 115 and then to searcher
receivers 520A - S20N. Searcher receivers 515 is also used to scan the time
domain about the' received signal to ensure that digital data
receivers 520A - 520N are tracking and processing the strongest available
time domain signals associated with a particular mobile unit. Searcher
receiver 515 provides éorresponding signals to COMA controller 540 which
in responsé thereto generates and provides control signals to digital data
receivers 520A - 520N for selecting the appropriate received signal for
processing. The output signals from receivers 510A - 510N and 520A - 520N
are then processed for optimal performance by diversity combiner &
decoder 330.

‘The signal processing in the base station data receivers and searcher
receivers is different in several aspects than the signal processing by similar
elements in the mobile unit. In the mobile unit-to-base station link
(reverse link) unlike the base station-to- mobile unit link (forward link), the
mobile unit does not transmit a pilot signal that can be used for coherent
reference purposes in signal processing at the base station. The mobile
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21. The systemof O aim 15 wherein said signal distribution nmeans
conprises a cabling systeminterconnecting in serl es said comrmEPtMﬁEMﬁ‘iT SHEET
term nal nmeans and said antennas

19 S
unit-to-base station link is characterized by a non-coherent modulation and

demodulation scheme using é4-ary orthogonal signaling.

Referring again to Figure 6, searcher receiver 500 and digital data
receivers 510A - 510N receive the compasite signal output from analog
receiver 110. In order to decode the spread spectrum signals transmitted to
the particular base station receiver through which a single mobile unit
communicates, the proper PN sequences must be generated. Further details
on the generation of the mobile unit signals are illustrated in U.S. Patent No. 5,103,459.

Each data receiver tracks the timing of the received signal it is
receiving. This is accomplished by the weil known technique of correlating
the received signal by a slightly early local reference PN and correlating the
received .signal with a slightly late local reference PN. The difference
between these two correlations averages to zero if there is no timing error.
Conversely, if there is a timing error, then this difference will indicate the
magnitude and sign of the error and the receiver's timing is adjusted

- accordingly.

Signals from an external or internal network, such as a pnvate
branch exchange (PBX), are coupled to the appropnate transmit modulator
vocoder 555 under control of CDMA controller 540. Transmit
modulator 535 which under control of CDMA controller 540 spread
spectrum modulates the data for transmission to the intended recipient
mobile unit. Transmit modulator 535 is assigned to encode and modulate
data intended for transmission to the particular mobile unit for which
search receivers 500 and 515 along with data receivers S10A - 510N
and 520A - 520N are assigned. Transmit modulator 535 modulates the
vocoder data with an orthogonal code selected from a set of orthogonal
codes with the signal then modulated with a PN spreading code. The PN
spread signal is then converted to analog form and provided to transmit
power control circuitry 550.

Transmit power control circuitry 550 under the control of CODMA
controller 540 controls the transmission power for the signal. The output of
circuitry 550 is provided to summer 560 where it is summed with the
output of transmit modulator/transmit power control circuits of other
channel units. The output of summer 560 is provided to the analog'
transmit 120. Analog transmitter 120 amplifies the signal for output via the
distributed antenna for radiating to the mobile units within the base station
service area. Further details on exemplary transmitter circuitey of Figure 6

are illustrated in U.S. Patent No. 5,103,455.
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32 22. The system of C aim 15 wherein said signal distribution
nmeans conpri ses: ‘a primary antenna coupled to said basRERIACEMENT SHEET
a plurality -of secondary antennas el ectromagnetically coupled to said
prinmary antenna, with each secondary antenna coupled to a corresponding one

of said pl urallty of spaced apart antegpas and respectlve one of said del ay
el enent s.

f Clarm | | f
spaced apart aﬁ’t%}fﬁaé @Uﬁﬁ%lslgg‘?&%’iﬁh?‘éﬁ C(?ﬁ‘éY‘J aﬁbn Sa’s gee‘elg‘r’%’gtglng

transmit power control circuitry 545. Circuitry 545 under control of COMA
contraller 540 generates and controls the power of the pilot signal, the sync
channel, and the paging charuel for coupling to analog transmitter 120.

[t is implicit in the previously described embodiments of the
distributed antenna that most RF signal processing, including frequency
conversion, amphfzcanon, and filtering is performed by the analog receiver
and analog transmit circuitry within the base station. There are advantages.
however to moving these functions to the antenna elements of each node
by creating an active antenna element.

Figure 7 illustrates an embodiment of the active elements. Base
station 600 comprises.analog receivers 605 and 635 which receive signals at
an intermtediate frequency (IF) from the array of distributed antennas or
nodes 720A - 720N each comprised of a pair of active elements 705. In this
particular arrangement analog receiver 605 receives signals along
distribution cable 720 from a first set of active elements 705 while analog
receiver 635 receives signals along distribution cable 725 from a second set of
active elements 705. Analog transmitter 625 produces signals at an IF
frequency that is split by splitter 630 into two signals for transmission by the
parallel paths. Delay element 620 delays the transmit IF signal provided
upon distribution cable 722 which is intended for a first one of the set of
‘active elements 705 contained within nodes 720A - 720N. The
corresponding non-delayed transmit IF signal from splitter 630 is provided
upon distribution cable 722 to the second one of the set of active
elements 705 contained within the nodes 720A - 720N. _

Active elements 705 require both dec power and a frequency reference
sxgnal These signal may be generated for individual active elements or the
pair of active elements in the node. A preferred method of supplying these’
signals is to add them to the IF signals on distribution cables 720, 722, 725
and 727. Reference frequency sources 610 and 612 each produce a reference
frequency signal which is used in a phase lock loop within the
corresponding element. Preferably the reference frequency signal is within a
different frequency band than the receive IF signal to facilitate ease of
filtering at the base station and element. In the exemplary embodiment
adders 640 and 642 add the reference frequency signals for transmission
down cables 720 and 725. Likewise power supplies 615 and 617 supply dc
power for the active elements via adders 645 and 647 and cables 722 and 727.
[t should be understood that the reference frequency signal and dc power
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24. The systemof Claim 13 wherein said plurality of spaced apart antengﬁéﬂ’

conprises directional antennas. 25. The system of C aiﬁlgp\_R@lEMEi\éTr

at | east one of said plurality of spaced apart antennas is an '

omi di recti onal antenna. 26. The systemof Claim 13 wherein said

plurality of spaced apart antennas con‘gii ses polarized antennas. . 27.
| Grality of antennas of first antenna

The system of Claim 13 wherein said p ! _ >

means confydrsEe F?/'é‘rvt‘éﬁ‘élq%/ eb@eértg‘feﬁa&ﬁ%h@dsf esRiv e sigtripusion icabless or

antennas @fherericus ahQmAnERIN SinC 2faYrdaage ROTthZ@ht édddection of elements
in elements 705.

Each node of the distributed antenna is comprised of two active
elements 703. Since all elements 705 are identical, except for the cables to
which they are connected, only the function of a single element 7035
connected to a pair distribution cables need be discussed. Element 705
receives the IF transmit signals on cable 722 and couples it through delay
element 650 which provides time diversity between neighboring antennas.
A portion of the IF transmit signal is coupled from the main path by
coupler 655. The coupled signal is upconverted by mixer 690 for
transmission at an appropriate RF frequency. The signal is coupled to
antenna 700 via duplexer 695.

Antenna 700 also receives the signal transmitted by the mobile unit
and couples the signal to the receive portion of the element via
duplexer 695. The received signal is down converted to an IF signal by
mixer 675 and coupled by coupler 660 to cable 720. The signals coupled by
coupler 660 upon cable 720 is combined with the signals received by other
node elements which are delayed by delay element 665. An actual
implementation of the element may also comprise gain stages in the receive

" path, for example located between duplexer 695 and mixer 675, for noise
figure consideratiors. Likewise the transmit path might also comprise gain
stages to increase the level of the signal at the antenna. Also filter elements
may be added to facilitate the signal processing

Mixers 675 and 690 within element 705 must be driven by local
oscillator (LO) 685 at an appropriate frequency. In this embodinent of LOs are
created: within the element. LO 680 is a phase lock loop (PLL) that provides
the driving LO for mixer 675 and LO 685 is a PLL that provides the driving
LO for mixer 690. The reference frequency is used to lock the PLL drcuits to
a common phase and is coupled from the receive path by low pass filter
(LPF) 670 that low pass filters the signal on cable 720 to extract the reference
frequency signal. Also dc power is coupled (not shown) from cable 722 for
all active functions performed within the element. An alternate frequency
plan may facilitate the use of a single LO.

The advantages of the active elements are numerous and the cost of
the simple hardware is minimal. The active elements may be implemented
with readily available mabile unit technology. The IF signal experiences
less cable loss per foot of cable than the RF signal does and thus decreases
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pol ari zed ant ennas. - 28, ~ A conmuni cation S¥St%ngPr
facilitating the comunication of information signals betwﬁymAOEM NT
said conmmunication system and between users of said conmunication. -system
and user of an external network, wherein certain users of said
comuni cati on systemuse renote termnals to conmunicate within said
comuni cation system via a radio link wwth a base station, using code
di vi si on nultiple access connunicatiogeglgnals said system conpri sing:

' i ng and direct , sequence spread

oot rum RGPS 135 PRGOS | ohi, GlY elaiBaBet e inexBensive at IF
frequencies compared to RF frequencies. At [F the delay elements may be
SAW filters that provide delay with little phase error across the signal
bandwidth and provide filtering for unwanted signals. SAW filters cascade
in series easily while higher frequency elements can require a high isclation
to perform correctly.

The active element can also be implemented without the frequency
conversion circuitry. Figure 8 illustrates an alternative embodiment of the
active element distributed antenna. In Figure 8 the active amplification
elements are added in the transmit and receive paths within the antenna
element. _ .

In Figure 8, base station 800 comprises analog receivers 805 and 835
which receive signals from the array of distributed antennas or
nodes 920A - 920N each comprised of active elements 905. In this particular
arrangement analog receiver 805 receives signals along distribution cable
920 from a first set of active elements 905 while analog receiver 835 receives
signals along distribution cable 925 from a second set of active elements 905.
Analog transmitter 825 produces a signal that is split by splitter 830 into two
signals for transmission by the parallel paths. Delay element 820 delays the
transmit signal provided upon distribution cable 922 which is intended for a
first one of the set of active elements 905 contained within
nodes 920A - 920N. The corresponding non-delayed transmit signal from
splitter 830 is provided upon distribution cable 927 to the second one of the
set of active elements 905 contained within the nodes 920A - 920N.

Again active elements 905 require dc power to operate. As discussed
with reference to Figure 8, one method of supplying the signal is to add it to
the signals on the distribution cables. Power supply 815 supplies dc power
for the active elements as added to cable 922 by adder 845. Similarly, power’
supply 817 supplies dc power for the active elements as added to cable 927 by
adder 847. : \

Each node of the distributed antenna is comprised of two active
elements 90S. Element 905 receives the transmit signal on cable 922 and
couples it through delay element 750 which provides time diversity
between neighboring nodes. A portion of the transmit signal is coupled
from the main path by coupler 755. The coupled signal is amplified by
amp 790 for transmission at an appropriate level. The signal is coupled to

antenna 800 via duplexer 795.
uplexer 795 This is the replacement sheet
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for a recipient renote termnal user with a pseudorandom noi se (PN)

spreadi ng code conprised of a predeterm ned sequence of binary WLQ@EMQNMSHEET
of a predeterm ned chip duration tinmne; first antenna neans :

conprising nultiple elements for receiving said spread spectrum nodul at ed
I nformati on signal, B - -

Antenna 800 also receives the signal transmitted by the mabile unit
and couples the signal to the receive portion of the element via
duplexer 795. The received signal is amplified by low noise amplifier 775 are
coupled by coupler 760 to the signals received by other element that have
been delayed by delay element 763. An actual implementation of the
element may also comprise filter elements to facilitate the signal processing.
DC pawer is coupled (not shown) from cable 922 for all active functions
performed within the element.

The active elements of Figure 8 may be used in an outdoor
environment incorporating a distributed antenna. For instance, in
downtown areas having tall buildings spaced closely together, a single
antenna base station may not sufficiently provide consistent signal levels
over the desired coverage area. An array of antennas could be used to cover
problem areas. In such a scenario, the nodes of the distributed antennas
would be placed in close proximity to each other and natural propagation
paths n:iay not. provide the necessary delay time required for separate
demodulation of the multipath signals. A distributed antenna of the
present invention would be the ideal solution in such a scenario. The
increased distance between nodes in an outdoor environment, and the
Subsequent higher power requi rement for trangmit and increase in cable Toss __

- for receive, would necessitate the use of active elements. 'In particular the
configuration of Figure 8 is a realistic implementation of the system.

The present invention has been presented in the exemplary
embodiments as nodes coupled in series to form an array. In the event of a
node failure or a fault in the interconnect cabling, nodes located in the series
connection beyond the failure or fault, with respect to the base station could
be rendered useless in the antenna system. In order to overcome this
potential drawback nodes may be coupled in parallel or series/parallel
combination to provide continued coverage in the event of a node failure
or interconnect cabling fault. A series/parallel combination of nodes is
illustrated in Figure 9 which represents a modified embodiment of the
exemplary embodiment of Figure 2. New elements 930, 932, 934, and 936,
which do not correspond to elements in Figure 2, are shown external to base
station 101. However these elements could function equivalently if
incorporated within the base station. New elements 930 and 934 are splitters
which couple the two antenna arrays to base station 101. The first antenna
array comprised of nodes 200A’ - 200N’ receives and supplies signals on
distribution cables 130° and 132. The second parallel antenna acray
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33 providing multipl e radiations of said spread spectrum nodul at ed
information signal with each radiation of said spread spectrumggep| ACEMENT SHEET
nodul ated i nformati on signal delayed in tine with respect to:one™ : '

anot her by at |east one chip duration tine and for receiving said spre'ad

spectrum nodul ated i nformation signal ’ind . ~second antenna nmeans

conprising nultiple elenents for ~Feceiving said spread spectrum

nodul at eeomrmétqfo@cﬁegnaﬂ%" - 2000%v i (eCAly adulanich | sepRIRSa s FHS AN sai d

spread speftibuMofPeiBlai e and 152 HIBER QAdRdIa apbleténs HIRaghabEeN Of

sai d Spr%gsdpéscl%i%%w.umfhe- delay value of delay elements 932 and 936 is ideally
chosen such that each antenna in the system exhibits a different delay with
respect to the base station.

The topology presented in Figure 9 can take on a variety of
alternative forms. The nodes and elements of Figure 9 could be replaced
with the nodes and elements of Figure 3, 5, 7, or 8. Splitters 930 and 934
could couple more than two arrays to the base station. In fact in a model
parallel topology, each node of the system could be independently connected
to the base station. The base station topology also could take on a variety of
alternative embodiments. Base station 101 could be altered to contain
analog receiver 115 making this topology similar to that of Figure 3.

The placement of antennas in a system comprising a series/parallel
combination of nodes could take on a variety of forms. One placement
topology is illustrated in Figure 10. Figure 10 comprises a base station and
three parallel sets of series arrays. The topology of base station 940 is
arbitrary in this example and could be a simple variation of any base station
described herein. Each antenna node, 950A - 950N, 9S0A' - 950N, and
950A" -950N", is a 'dual antenna node in accordance with the present
invention. Antenna nodes 950A -950N comprise the first array. Antenna
nodes 9S0A'-950N' comprise the second array. Antenna nodes
950A" - 950N™ comprise the third array. Ideally every antenna node of
Figure 10 has a different delay with respect to the base station. The
placement of the antenna nodes in Figure 10 is illustrative of a distribution
of antennas which would provide a good deal of protection against a fault.
Instead of placing the second array after the first array and the third atray
after the second, thé nodes of each array are interspersed with nodes of the
other arrays. In this configuration, a fault in one array does not necessarily
cause a complete lack of service at any point in the coverage area of the base
station. Instead of creating a location where no service is provided, a fault
condition produces a soft failure of the system that may lower the
performance of the entire system -

For high capacity areas, a parallel or series/parallel combination of
nodes has additional advantages over the simple series connection of an
entire array. A CDMA link is limited as to a maximum number of separate
signals that it can efficiently combine in a given communication channel. If
more than the maximum aumber of signals are present, the system capacity
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nodul ated i nformati on signal delayed in tine with respect to one -
anot her by at least one chip duration tinme and for receiving Fwa%ME@-&éHEE{
spect rum nodul at ed i nformati on signal wherein each of said el enents of -
said first antenna neans is collocated with an el enent of second

antenna neans form ng a node. 29. The system of C aim 28 wherein

said first and second antenna neans eaéh conpri ses: a plurality of
spaced apaexcesdednind ovesalh systemmualibyrigsiagraded. t Ornxedhemignalothasai d

ant enna 'EE@H%?ummgd. tc%b&ﬂﬁ" .agiiﬁtrhEtBéFé%'? a”%?lg?e k8tieS VRN, kd SpLead
spect rum modul ated i nformation signal from sa d conmuni catlon termn nal
nmeans  WAay to separate the signals such that they can be sent to multiple recsivers
and individually demodulated. The base staton circuitry needs to limit the
number of signals that are transmitted to the mobile units within the range
of its antennas. Each signal transmitted by the base station increases the
noise level at every mabile unit which is not the intended destination of
the signal. By using a parallel or series/parallel combination of nodes and a
plurality of receivers and transmitters, the signal handling capability of a
single base station can be increased. |
To realize an increase in system capacity at a single base station, a
system is, designed in which there are at least two independent arrays. In
this case, an independent array is defined as any set of nodes where each
node has a different delay with respect to the base station and where each
node in the system can belong to only one array. In this scheme there is no
disadvantage to having two nodes with the same delay with respect to the
base station as long as the two nodes belong to different independent arrays.
The independent arrays are placed such that there is some area which is
covered by only one independent array. Each independent array is supplied
a transmit signal from a dedicated transmitter and supplies a recsive signal
. to a dedicated receiver. When a mobile unit is positioned in the coverage
aréa of only one of the independent arrays, the transmitter corresponding to
the arrays to which the mabile is not communicating may stop transmitting
signals for that mobile station and thus reduce the interference to the other
mobile units. Likewise, when a mobile unit is positioned in the coverage
area of only one of the independent arrays, the receivers corresponding to
arrays to which the mobile is not communicating are free from interference
from that mobile unit. When a mabile unit is positioned in the coverage
area of two independent arrays, the two transmitters supply the same
information signal to the mobile unit but each transmitter uses a different
spreading sequence to modulate the information signal thereby increasing
the total signal received at the mabile unit while decreasing the chance of
destructive summation. Likewise when a mobile unit is positioned in the .
coverage area of two independent arrays, the two receivers can individually
receive the signal and can then combine the energy from each path in the
demodulation process to provide a total increased signal level. (This
process is very similar to the process which is employed by base stations
comprised of multiple sectors in a standard CDMA cellular system.) Note
This is the replacement sheet
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to each of said antennas; and del ay neans operatively coupl ed_t L
antennas and sai d signal distribution neans for providing one Rﬂ%%ﬁgg@ﬁg\ﬁ@g
duration time delay in said spread spectrum nodul ated information signal as
coupl ed by said signal distribution neans to each of said antennas.

30. The conmuni cation system of C aim 29 wherein each of said el enents
conpri ses frequency conversion neans for receiving said spread spectrum
nodul at ed i nformati on signal and produci ng said spread spectrum nodul at ed
informati on signal at radio frequency.28 31. The conmuni cation system
of O ai mprgx chertepolagclofotigatal 9 comprising analog receiver 115 does not

function to increase the capacity of the base station 101 since receiver 113
receives an input from each node of the two parallel arrays shown.

An exemplary embodiment of this concept is shown in Figure 11
which is based upon the configuration of Figure 8. The first antenna array
comprised of nwdes 920A" - 920N" is coupled to analog transmitter 825 through
cable 927, adder 847, and splitter 830. The first antenna array is also coupled
to transmitter 825 through cable 922, adder 845, delay 820, and splitter 830.
The second antenna array comprised of nodes 920A" - 920N" is coupled to
analog transmitter 825" through cable 927", adder 847", and splitter 830".
The second antenna array is also coupled to analog transmitter 835 through
cable 922", adder 845", delay 820", and splitter 830".

Use of the dual sets of parallel antennas affords advantages to the
system during general operation as well as reducing the worst case effects of
multipath fading. The coherent combining of the separate paths within the
base station increases the signal-to-noise ratio on the mobile unit-to-base
station link. The use of the present invention also decreases power control
fluctuations of the mobile unit. Both of these factors lead to higher capacity
and improved system performance. The advantages of the collocated
antennas are much greater than the advantages gained by merely uniformly

- placing twice as many antennas in series.

There are many obvious variations of the embodiments of
Figures 2,3,5,7,8, 9,10, and 11 including the simple rearrangement of
components within each element. Actual implementation of these
embodiments may require power splitting, gain, and filtering among other
functions. - The previous description of the preferred embodiments is
provided to enable any person skilled in the art to make or use the present
invention. The various modifications to these embodiments will be readily
apparent to those skilled in the art, and the generic principles defined
herein may be applied to other embodiments without the use of the
inventive faculty. Thus, the present invention is not intended to be limited
to the embodiments shown herein but is to be accorded the widest scope
consistent with the principles and novel features disclosed herein.
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el ements conprises neans for anplifying said information spread spectru

nodul at ed—signal - -In a digital communication-syst ermgh\etme:l\lltm SHEET
signal s |ntended or tra nsfer to a receiving termnal are transmtted from
a transmt ”m digitally nodul ated signals, wherein said
receivi ng N s ving nul ti path propagations of each digitally
nodul at ed si gnal
7
CLAIMS
L. [n a digital communication system in which at least one

remote terminal communicates with other terminals through a base station
using digitally modulated communication signals, said base station having
an antenna system comprising:

a first set of spaced apart antennas;

a second set of spaced apart antennas, each antenna of said second set
of antennas corresponding in location to a corresponding antenna of said
first set of antennas; | :

signal distribution means for coupling said communication signals
between said base station and said antennas of said first and second sets; and

delay means operatively coupled to said antennas of said first set and
second set and said signal distribution means for providing a predetermined
delay in said communication signals coupled between said base station and
said antennas.

2. The system of Claim 1 wherein said signal distribution means
comprises:

first transmission cabling serially interconnecting said first set of
antennas and interconnecting a first one of said first set of antennas to said
base station; and .

second transmission cabling serially interconnecting said second set
of antennas and interconnecting a first one of said second set of antennas to
said base station.

3 The system of Claim 2 wherein said communication signals
are generated by spread spectrum modulating information signals accerding
to predetermined pseudorandom noise (PN) spreading codes each
comprised of a predetermined sequence of binary chips each of a
predetermined chip duration, and wherein said delay means comprises a
plurality of delay elements disposed in said cabling between adjacent
coupled ones of said antennas of said first set and between adjacent coupled
ones of said antennas of said second set, each delay element providing 2
delay in said communication signals on an order of at least one chup
duration.
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34 requ—i-r—-éé-—'a'“m ni mum preﬁé.t ermined tine difference between nulti

ath .
propagat i ' '\Eal |y nodul ated signal as received .for['“EFp"—'A‘CEMENT SHEET
denodul atﬁﬂmﬂ\w ﬁ\“um ovi de said signals intended for said receiving
term nal , odwfo* creating nmultipath propagations of said transmtted
digitally nodul ated signals wherein each nultipath propagation is of at

| east said mninmum predetermned tine 88 fference with respect to another
upon receptiongat Siedsystesi ot rQlater Uiwhbreidajald nritendas aipsaidifirgt sée st eps

of - have a predetermined antenna pattern with said antennas of said first set
positioned with overlapping patterns.

5. The system of Claim 4 wherein said antennas of said second set
have a predetermined antenna pattern wherein each antenna of said second

set is positioned with substantially overlapping patterns with said
corresponding antenna of said first set.

6. The system of Claim 1 wherein:
said signal distribution means comprises first transmission cabling
serially interconnecting said first set of antennas. and interconnecting a first
one of said first set of antennas to said base station; and

each antenna of said second set of antennas is operatively coupled to
an antenna of said first set of antennas.

7. The system of Claim 6 wherein said comunication signals are
generated by spread spectrum modulating information signals according to
predetermined pseudorandom noise (PN) spreading codes each comprised
of a predetermined sequence of binary chips each of a predetermined chip

. duration, and wherein said delay means comprises: '

‘a first plurality of delay elements each disposed between an antenna
of said second set of antennas and a corresponding antenna of said first set
of antennas, each delay element providing a delay in said communication
signals on an order of at least one chip duration; and

~ asecond plurality of delay elements, each disposed between adjacent
coupled ones of said antennas of said first set of antennas, each delay

element providing a delay in said communication signals on an order of at
least one chip duration.

8. The system of Claim 6 wherein said antennas of said first set
have a predetermined antenna pattern with said antennas of said first set
positioned with overlapping patterns.

9. The system of Claim 8 wherein said antennas of said second set
have a predetermined antenna pattern wherein each antenna of said second

set is position'ed with substantially overlapping patterns with said
corresponding antenna of said first set.
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33. The method of O aim 32 wherein said communication signals in said
transmtting t@rm Mele yRedehL Qe zbsu:mé:e%gﬁeﬁ -.um nodul ating sai

signal s
spreadin

e b b T SR e Sl SR A L
antennas corresponding in location to a corresponding antenna of said first
set of antennas;
signal distribution means for coupling said communication signals

between said base station and said antennas of said third set of antennas;
and

 * delay means operatively coupled to said antennas of said third set and
said signal distribution means for providing a predetermined delay in said
communication signals coupled between said base station and said
ant'ennas:

11.  The system of Claim 10 wherein said signal distribution means
comprises third transmission cabling serially interconnecting said third set
of antennas and interconnecting a first one of said third set of antennas to
said base station.

122 In a communication system in which system users
communicate through a base station with remote system users, said remote

~ system users communicating through said base station via a radio link

therewith, said base station comprising:

- communication terminal means for spread spectrum modulating a
remote user directed information signal and providing a spread spectrum
modulated remote user directed information signal, and for receiving and
sepatately demodulating a first and second aggregate spread spectrum
modulated remote system user information signal; '

' first antenna means for receiving a  plurality of spread spectrum
modulated remote system user information signals, each of said spread
spectrum modulated remote system user information signals of a
predetermined time delay with 'respect to one another, combining said
plurality of spread spectrum modulated remote system user information
signals to form said first aggregate spread spectrum modulated remote
system user information signal and providing said first aggregate spread
spectrum modulated remote system user information signals to said
communication terminal means; and

second antenna means for receiving a plurality of spread spectrum
modulated remote system user information signals, each of said spread

d

each
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of a predeterm ned chi'p-duration, and wherein, said step of iyl -GH i

di ffelro o delay in said communi cation signal a@é%’/\&?:’!\@c‘isﬁb&-r
each oﬂmmmmm ﬂtﬂl ﬂna el enents conprises: providing a delay on the order
of at | @ast one r«chis ration. 34. In a conmunications systemin
which an information signal is nodulated at a first station with a

pseudor andom noi se (PN) code, conprised of a predeterm ned sequence of
code chips each of a predetermned tine duration, with said PN nodul at ed
noi se signal nodul ated upon a carrierygfor transm ssion, an antenna system

ggrﬁr}ﬂ”?“gﬁg‘ mcd Plavéd! kbm Ak @%s‘éma%s@?ummumxaﬁr ls¢gnf19d g oypl ed to
predetermmed time delay with respect to one another, combining said
plurality of spread spectrum modulated remote system user information
signals to form said second aggregate spread spectrum modulated remote
system user information signal and providing said second aggregate spread
spectrum modulated remote system user information signals to said
communication terminal means.

13.  The system of Claim 12 wherein said first antenna means and
said second antenna means each comprises:

a plurality of spaced apart antennas;

signal distribution means for coupling said spread spectrum
modulated remote user directed information signal from said
communication terminal means to each of said antennas; and

~ delay means operatively coupled to said antennas and said signal

distribution means for providing a different predetermined delay in said
spread spectrum modulated remote user directed information signal as
coupled by said signal distribution means to each of said antennas.

14. The sys'tem ‘of Claim 13 wherein said spread spectrum
modulated remote user directed information signal is generated by direct
sequence spread spectrum modulating said remote user directed
information signal with a pseudorandom noise (PN) spreading code

comprised of a predetermined sequence of binary chips each of a
predetermined chip duration. '

15.  The system of Claim 14 wherein said delay means comprises a
plurality of delay elements each operatively coupled to a respective one of
said plurality of spaced apart antennas, each delay element providing a delay in said
spread spectrum modulated remote user directed information signal, with each delay
different from one another by an order of at least one chip duration.

16. In the communication system of Claim 12 wherein said remote
system users communicate with said system users and other remote system
users through said base station by transmitting said spread spectrum
modulated remote systém user information signals to said base station for
transfer to intended recipient system users and remote system users.
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a pI ural ity of deI ay el errents each di sposed in series bet \Neer{ é.‘dj acent
ones of ant en a first station delay coupled to said

f| rst wwu lui la secondary plurality of antennas coupled in EET
and c H!Jw I"M ll L rst station delay, each of said second &% MQW‘F@?%F '
ant ennas p05|t|oned "With a correspondi ng one of said first plurality of
ant ennas; and

1
In the communication s;stem of Claim 13 wherein said remote
7 ors communicate with said system users and other remote system
stsmt::ough said base station by transmitting said spread spectrum
modulated. remote system user information signals to said base station for

rransfer to intended recipient system users and remaote system users.

'18. The system of Claim 12 wherein said spread spectrum
modulated remote user directed information signal is generated by direct
sequence spread spectrum modulating said remote user directed
information signal with a pseudorandom noise (PN) spreading code
comprised of a predetermined sequence of binary chips each of a
predetermined chip duration.

19. The system of Claim 16 wherein said spread spectrum
modulated remote user directed information signal is generated by direct
sequence spread spectrum modulating said remote user directed
information signal with a first pseudorandom noise (PN) spreading code
comprised of a first predetermined sequence of binary chips each of a first
predetermined chip duration and said spread spectrum modulated remote
system user information signal is generated by direct sequence spread

. _spectrum modulating a remote system user information signal with a

 second pseudorandom noise (PN) spreading code comprised of a second

predetermined sequence of bmary chips each of a second predetermined
chip duration.

20. The system of Claim 17 wherein said spread spectrum
modulated remote user directed information signal and said spread
spectrum modulated remote system user information signal are generated
by respectively direct sequence spread spectrum modulating said .remote
user directed information signal and said remote system user information
signal with a2 pseudorandom noise (PN) spreading code comprised of a
predetermined sequence of binary chips each of a predetermined chip
duration.

21.  The system of Claim 13 wherein said signal distribution means
comprises a cabling system interconnecting in series said communications
terminal means and said antennas.
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a secondary plurality of delay elenents each dlsposed in series
betvve | ed ones of said antennas of  said secofERtCHVENREHEET
of arﬁﬂm ka lﬁt The system of C aim34 wherein at |east one of

said piural it nnas conprises an omi directional antenna.

32 '
22.  The system of Claim 15 wherein said signal distribution means

comprises:

a primary anternna coupled to said base station; and

a plurality of secondary antennas electromagnetically coupled to said
primary antenna, with each secondary antenna coupled to a corresponding
one of said p! ur§1ity of "spaced apart antennas and respective one of said delay elements.

23.  The system of Claim 13 wherein said plu.rahty of spaced apart
antennas comprises omnidirectional antennas.

24. The system of Claim 13 wherein said. plurality of spaced apart
antennas comprises directional antennas.

25. The system of Claim 24 wherein at least one of said
plurality.of spaced apart antennas is an omnidirectional antenna.

26.  The system of Claim 13 wherein said plurality of épaced apart
~ antennas comprises polarized antennas.

27. The system of Claim 13 wherein said plurality of antennas of
first antenna means comprises vertically polarized antennas and said
-plurality of antennas of second antenna menas comprises horizontally
polarized antennas. ‘ |

28. . A communication system for facilitating
the communication of information signals between users of said
communication . system, and between -users of said communication
system and users of an external network, wherein certain users of said
comumunication system use remote terminals to communicate within
said communication system, via a radio link with a base station, using
code division multiple access communication signals, said system
comprising:

communication terminal means for receiving and direct
sequence spread spectrum modulating an information signal intended
for a recipient remote terminal user with a pseudorandom noise (PN)
spreading code comprised of a predetermined sequence of binary chips
each of a predetermined chip duration time;

first antenna means comprising multiple elements for],
receiving said spread spectrum modulated information signal]
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stem of C aim 34 wherein at |east one of said pII urality of
ant en i rectional antenna. 37. Thezss m
Eu REDIHICEMERT SHegl

34 wh d delay elenments of said first and second plurality
of delays prOV|de§ a*delay of at least twice said predeterm ned tine
duration of said code chi.ps and said first station delay provides a del ay
on the order of said predeternined ti me33uration of said code chips.

38. The systerp % eefdia hopf a§&" gha %L_.ﬁ_{ﬁn &4 d
first and second gl ura |ty fd@{?sﬁfox?f ss a cfg ay¥ I{ezgjsétmgal d
mf si gnal With ehch ' radiation of said spread spectrum

modulated information signal delayed in time with respect to one

another by at least one chip duration time and for receiving said spread
spectrum modulated information signal: and

second antenna means comprising multiple elements forf,
receiving said spread spectrumn modulated information signal]
providing multiple radiations of said spread spectrum modulated
information signal with each radiation of said spread spectrum
modulated information signal delayed in time with respect to one
another by at least one chip duration time and for receiving said spread
spectrum modulated information signal wherein each of said elements

of said first antenna means is collocated. with an element of second
antenna means forming a node.

29. The system of Claim 28 whersin said first and second antenna
means each comprises:
a plurality of spaced apart antennas, each antenna corresponding to a
~element of said antenna means;
signal distribution means for coupling said s'pread spectrum

-modulated information signal from said communication terminal means

' to each of said antennas; and - :

' delay means operatively coupled to said antennas and said signal
distribution means for providing one or more chip duration time delay in
said spread spectrum modulated information signal as coupled by said

~ signal distribution means to each of said antennas. ' ~

. 3¢. . The communication system of Claim 29 wherein each of said
elements comprises frequency conversion means for receiving said ‘spread
spectrum modulated information signal and ‘producing said spread
spectrum modulated information signal at radio frequency.

31.  The communication system of Claim 29 wherein each of said

elements comprises means for amplifying said information spread spectrum

modulated signal.
32.  In a digital communication system where signals intended fac

transfer to a receiving terminal are transmitted from a transmitting
terminal as digitally modulated signals, wherein said receiving terminal in

receiving multipath propagations of each digitally modulated signal
This is the replacement sheet
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pred ng ned tine durati on of said code chi ps and said first station del ay

provi e order of the sum of said del ays of )
pl ura 'Mﬂ w ment s. 39. The systemof d ai ﬁﬂ;ﬁ/\%ﬁeglg ﬁHEET
said plural i ty' ofs amtennas and said second plurality of antennas conprise

omi di recti onal and directional antennas positioned with overlapping
patterns. The system of al m 34 wherein said plurality of

O e AN S SRR s oAb L o
second ppkapagatioos. of each digitally modulated signal as received far
demodulation thereof to provide said signals intended for said receiving
terminal, a method for creating multipath propagations of said transmitted
digitally modulated signals wherein each multipath propagation is of at
least said minimum predetermined time difference with respect to another
upon reception at said receiving terminal, said method comprising the steps
of: | '
providing a plurality of spaced apart dual antenna elements;
providing from said transmitting terminal a communication signal
to each of said antennas;
providing a different predetermined delay in said communication
signal as provided to each of said dual antennas elements; and
providing a different predetermined delay in said communication
signal as provided to each antenna of said dual antenna elements.

33. The method of Claim 32 wherein said communication signals
in said transmitting terminal are generated by spread spectrum modulating
said signals intended for transfer according to a pseudorandom noise (PN)
spreading code comprised of a predetermined sequence of binary chips each

~of a predetermined chip duration, and wherein, said step of providing said
different predetermined delay in said communication signal as provided to
each of said dual antenna elements comprises providing a delay on the
order of at least one chip duration.

34. In a communications system in which an information signal is
modulated at a first station with a pseudorandom noise (PN)-code,
comprised of a predetermined sequence of code chips each of a
predetermined time duration, with said PN modulated noise signal
modulated upon a carrier for transmission, an antenna system comprising:

a plurality of antennas coupled in series and coupled to said first
station;

a plurality of delay elements each disposed in series between adjacent
coupled ones of said antennas;

a first station delay coupled to said first station;

a secondary plurality of antennas coupled in series and coupled to
said first station delay, each of said second plurality of antennas positioned
with a corresponding one of said first plurality of antennas; and
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41. ~Anantenna systemfor transmtting and/or receiving a spread spectrum

modul SI gnal wherein said spread spectrum npeul dENT SHEET
informi’mm mmmm generated by spread spectrum nodul ati ng an
i nfor a h a pseudorandom noi se code conprised of a

predet er mi ned sequence of code chips each of a predeterm ned chip duration,

sai d antenna system conpri si ng: a first set of serially coupled
ant enna el enents;

35
a secondary plurality of delay elements each disposed in series

between adjacent coupled ones of said antennas of said secondary plurality
of antennas.

35.  The system of Claim 34 wherein at least one of said plurality of
antennas comprises an omnidirectional antenna.

36.  The system of Claim 34 wherein at least one of said plurality of
antennas comprises a directional antenna.

37. The system of Claim 34 wherein each of said delay elements of
said first and second plurality of delays provides a delay of at least twice said
predetermined time duration of said code chips and said first station delay

provides a delay on the order of said predetermined time duration of said
code chips.

38.  The system of Claim 35 wherein each of said delay elements of
said first and second plurality of delays provides a delay of at least said
predetermined time duration of said code chips and said first station delay

provides a delay on the order of the sum of said delays of said first plurahty
of delay elements.

39. The system of Claim 34 wherein said plurality of antennas and
said second plurality of antennas comprise omnidirectional and directional
antennas positioned with overlapping patterns.

40. . The system of Claim 34 wherein said plurality of antennas
comprises polarized antennas with a first polarization and wherein said
second plurality of antennas comprises polarized antennas with a second
polarization.

4l.  An antenna system for transmitting and/or receiving a spread
spectrum modulated information signal wherein said spread spectrum
modulated information signal is generated by spread spectrum modulating
an information signal with a pseudorandom noise code comprised of a -
predetermined sequence of code chips each of a predetermined chip
duration, said antenna system comprising:

a first set of serially coupled antenna elements;

) This is the replacement sheet
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a-second_set of serially coupled antenna el enents, each antenna of

sal d fi set collocated with an correspondi ng -antenna of sag fmﬂnsgr‘
a set @’ﬁ I!,ﬂum positioned such that a | east one delay ell'lﬂ'ct cET
|nterp E 'I of said antenna el ements of said first and second
sets; and "ansaddi ti onal delay coupled in series with said second set

of antenna 36
, second set of serially coupled antenna elements, each antenna of
jaid first set collocated with an correspanding antenna of said second set;
1 set of delay elements posidoned such that a least one delay element
s interposed between each of said antenna elements of said first and second
sets; and
an additional delay coupled in series with said second set of antenna
elements such that every signal received and transmitted by said second set
of antenna elements is delayed thereby.

42. The antenna system of Claim 41 wherein each antenna
element comprises means for frequency converting said spread spectrum
modulated information signal.

43. The antenna system of Claim 41 wherein each antenna
element. comprises means for amplifying of said spread spectrum
maodulated information signal.

44. An antenna system for transmitting and/or receiving a spread
spectrum modulated information signal wherein said spread spectrum
modulated information signal is generated by spread spectrum modulating
an information signal with a pseudorandom noise code comprised of a

 predetermined sequence of code chips each of a predetermmed chip
duration, said antenna system comprising:

a set of delay elements, each delay element providing a delay time on
the order of a multiple of one chip duration in length;

a set of antennas;

a system of cabling coupling said antennas and said delay elements in
a serial string, wherein each of said delay elements is coupled between
predetermined pairs of said antennas; |

a second set of delay elements, each delay element providing a delay
time on the order of multiple of one chip duration in length;

a second set of antennas, each antenna of said second set collocated
with an antenna of said first set;

a initial delay element having a delay time on the order of one chip
duration in length; and

a secand system of cabling coupling said second set of antennas and
each of said second set of delay elements in a serial string, wherein each
delay element of 5aid second set of delay elements is coupled between
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el ements such tﬁ'ét"““é‘vé'ry signal received and transmtted by said second set
of antenrrm' ayed t hereby. 42. The antenna system of
Claim4l m’mmg Hi m’enna el enent conprises neans for freqaech(,E'\I%ENT SHEET
converting séid:spr eesd spectrum nodul ated i nformation signal.

The antenna system of O aim 41 wherein each antenna el ement. conpri ses

means for anplifying of said spread spectrum nodul ated information signal.
44. An antenna system for transmtting and/or receiving a spread

37
predetermined pairs of said antennas and wherein said initial delay element

is coupled in series therewith.

45. An antenna system for transmitting and/or receiving a spread
spectrum modulated information signal coupled to a base station wherein
said spread spectrum modulated information signal is generated by spread
spectrum modulating an information signal with a pseudorandom noise
code comprised of a predetermined sequence of code chips each of a
predetermined chip duration, said antenna system comprising:

a set of delay elements, each delay element providing a delay time on
the order of a2 multiple of one chip duration in length;

a-first set of antennas, each hiving an antenna coverage area;

a system of cabling coupling each of said antennas of said first set to
said base station and coupling one said delay elements between said base
station and at least one antenna of said first set;-

a second set of delay elements, each delay element providing a delay
time on the order of 2 multiple of one chip duration in length;

a second set of antennas, each having an antenna coverage arez, and
wherein each particular antenna of said second set of antennas corresponds
to a particular antenna of said first set in that the antenna coverage area of
said particular antenna of said first set and the antenna coverage area of said
particular antenna of said second set are substantially the same; and -

a second system of cabling coupling each of said antemnas of said
second set to said base station and coupling one said second set of delay
elements between said base station and at least one antenna of said second set such that
each antenna of said second set has a different delay with respect to said base
station than said corresponding antenna of said first . set of antennas with
respect to said base station.

46. In a digital communication system in which at least one
remote terminal communicates with other terminals through a base station
using digitally modulated communication signals, said base station having
an antenna system comprising:

a first set of spaced apart antennas;

a second set of spaced apart antennas, each antenna of said second set
of antennas corresponding in location to a corresponding antenna of said
first set of antennas;
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spectrum d |nformat|on signal wherein said spread spectrum

nodul at edm " rH,ﬂ" is generated by spread spectrum nodul ating an

i nf ormati seudor andom noi se code conprised of aRRBFrLAGUTAENT SAET
pr edet er ni ned sequence of" code chi ps each of a predeternined chip duration,

sai d antenna system conpri si ng: a set of delay elenments, each del ay
el ement providing a delay time on the ory er of a multiple of one chip

b
Coupl i g sai d- agighih diswipRud afladdiicy gmgg seig AR hoR SRe0ald: o ¢
each of saiP@twWeemyaidl kaseratativs andugdchdantennaof spid fiestamd sembndasets; aokt sai d
ant ennas; ISP i hsSEbe Ak AB) BYubl TR 8ried Wibh LakAY0r Yt S Rtennas

prOV|d|ng a_del a
of said Tirst and second sets and said signal distribution means for providing

a predetermined delay in said communication signals between said base
station and each antenna of said first and second set.

47.  An apparatus in a digital communication system in which at
least one remote terminal communicates with a base station using digitally
modulated communication signals, said apparatus comprising:

a base station having at least two independent receivers;

a first set of spaced apart antennas;

a second set of spaced apart antennas, each antenna of said second set
of antennas corresponding in location to a corresponding antenna of said
first set of antennas thereby forming a first aggregate antenna pattern;

first signal distribution means for coupling said communication
signals between a first one of said at least two independent receivers of said
base station and said first and second sets of antennas;

first delay means operatively coupled such that each antenna of said

~ first set of antennas and said second set of antennas exhibits a different delay
. with respect to said first one of said at least two independent receivers of
said base station;

a third set of spaced apart antennas;

a fourth set of spaced apart antennas, each antenna of said fourth set
of antennas corresponding in location to a corresponding antenna of said
third set of antennas t_'.ﬁereby forming a second aggregate antenna pattern;

_ sec_dnd. signal distribution means for coupling said communication
signals between a second one of said at least two independent receivers of -
said base station and said third and fourth sets of antennas; and '

second delay means operatively coupled such that each antenna of
said third set of antennas and said fourth set of antennas exhibits a different
delay with respect to said second one of said at least two independent
receivers of said base station and such that a particular antenna of said third
set of antennas and a particular corresponding antenna of said fourth set of
antennas exhibits a different delay with respect to said base station than a
particular antenna of said first set of antennas and a particular
corresponding antenna of second set of antennas having a corresponding
first aggregate antenna pattern overlapping a corresponding second
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time on the order of multiple of one chip duration in |ength: a

second set of ] tenna of said second set collocated W t h
antenna of sali ymmmmmr m] ainitial delay el enent havi n-@_EHL/é\(éﬂl\é@\HagHEET
time on the ordér &f ©ner Clyl p'RYuration in | ength; and ~a second system
of cabling coupling said second set of antennas and each of said second set

of delay elenents in a serial string, wherein each delay el enent of said
second set of delay elenents is coupled between '

39
aggregate antenna pattern of said particular antenna of said third set of
anteninas and a particular correspondin

- g antenna of said four 3
antennas. _ th set of
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37 predeterm ned pairs of said antennas and wherein said initial de![ ay f
el ement is coupled in series therewth. 45, An antenna sys em for
transmitting and/or receiving a spread R_EPLA_C::ME!\:T SHEET

- 40 -

DUAL DISTRIBUTED ANTENNA SYSTEM

ABSTRACT

A distributed antenna system (30,35) is utilized
in a communication system for providing multipath
signals which facilitate signal diversity for enhanced
system performance. Each node (200) of the antenna
systém (30,35) comprises more than one anctenna (196).
Each. antenna (196) at a common node (200) provides a
pat}i having a different delay to the base station

(100).

FIGURE 2
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spectrum nodul ated i nformati on signal coupled to a base station wherein

sai d spread spectrum nodul ated i nformati on signal is generated by spread
spectrum nodul ati ng an information signal wth . a pseudorandom nogEeAROEErNT SHE
conpri sed of a predeterm ned.sequence of code chips each of a predeterm ned

chip duration, said antenna system conpri'sing: . a set of- del ay
el enents, each delay elenent providing a delay tinme on the order of a
mul tiple of one chip duration in |ength; a first set of_ antennas,

each having an antenna coverage area; _4_ a systemof cabling coupling
each of said antennas of said first set té sai d base station and coupling
one said delay el enents between said base station and at | east one antenna
of said first set; a second set of delay el enents, each delay el ement
provi di ng a del ay

40H I
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time on the order of a multiple of one chip duration in |Iength; a
second set of antennas, each having an. antenna coverage area, @gﬂp@ﬁﬁ;ﬂﬁ$ﬁEEﬁ
each particular antenna of said second set of antennas correspondé to a :
particul ar antenna of said first set in that the antenna coverage area of
said particular antenna of said first set and the antenna coverage area of
said particular antenna of said second set are substantially the sanme; and
a second system of cabling coupling eagh-of said antennas of said second
set to said base station and coupling one said second set of delay elenents
bet ween said base station and at | east one antenna of said second set such
that each antenna of said second set has a different delay with respect to
said base station than saie cerfespofdng antenra -of —sad d-fjirst set of
antennas with respect to ?aid base ystati on. : |
‘ .
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46. In a digital comunication system in which at |east one renote
termnal conmunicates with other termnals through a base station using
digitally nodul ated communi cation signals, said base station r&\?@&@r\n SHEET
antenna system conpri si ng: a first set of spaced apart ‘ant ﬁas_;

a second set of spaced apart antennas, each antenna of said second set of
antennas corresponding in location to a correspondi ng antenna of said first

set of antennas; -3 -
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38 signal distribution nmeans for coupling said cohnunication signal s

bet ween sai d base station and each antenna of said fi.rst and second sets; 1

and del ay neans. operatively coupled in series wth eacé&bg?jAgsauEm SHEE
)

antennas of said first. and second sets and sai d signal

di st uti on neans

for providing a predeterm ned delay in said communication signals between

sai d base
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station and each antenna of said first and second set. 47. An
apparatus in a digital communication systemin which at |east one renote

term nal comruni cates with a base station using digitally noduhﬁ%a CEMENT SHEET
S

comuni cation signals, said apparatus conpri sing: a base I on
having at | east two i ndependent receivers; a first set of spaced
apart antennas; a second set of spaced apart antennas, each antenna

of said second set of antennas correspgnding in |location to a corresponding
antenna of said first set of antennas thereby formng a first aggregate
antenna pattern; first signal distribution nmeans for coupling said
communi cation signals between—a=tiTst one~of sai-d at < east two independent

recei vers of said |
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base station and said first and second sets of antennas; i ~ded Y enr
means operatively coupled such that each antenna of said first E@FE%QﬂﬁL@WSH[EY
antennas and sai d second set of antennas exhibits a different delay with
respect to said first one of said at | east two i ndependent receivers of

sai d base station; a third set of spaced apart antennas; a

fourth set of spaced apart antennas, eacg antenna of said fourth set of
antennas corresponding in location to a tofrespondi ng antenna of said third

set of antennas thereby form ng a second aggregate antenna pattern;

second signal distribution neans fpr—eeupt+mgisasod communi cation signal s
bet ween a second one of said at_lehSEARQGHERIdpendent receivers of said
base station and said third arﬁ_f‘(;.ur&HCﬁVERof%ﬁ_eT]_n;s; and
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second del ay neans operatively coupl ed such that each antenna of said third

set of antennas and said fourth set of antennas exhibits a different delay

with respect to said second one of said at | east two i ndependent ecelverﬁ -
of said base station and such that a particular antenna of said t RLACEMENT SHEE
of antennas and a particul ar correspondifig antenna of said fourth set of
antennas exhibits a different del ay mnth respect to said base station than

a particular antenna of said first sét 7of antennas and a parti cul ar
correspondi ng antenna of second set of antennas having a correspondi ng

first aggregate antenna pattern overl apping a correspondi ng second
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39 aggregate antenna pattern of said particular antenna of said third set

T SHEET

N

BREPLACEME

of antennas and a particul ar correspondi ng antenna of .said fourth set o
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