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properties based on the use of a high speed pseudonoi se (PN) code. The

hi gh speeé PN code is us tted fromboth
t he base stations and th%Aém&mi) QE@Mﬁgﬁuons usi ng
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15 I1. Description of the Related Art

In a code division multiple access (CDMA) cellular telephone,
wireless local loop or personal communications system, a common
frequency band is used for communication with all base stations in a system.
The common frequency band allows simultaneous communication between

20 a remote unit and more than one base station. Signals occupying the
common frequency band are discriminated at the receiving station through
the spread spectrum CDMA waveform properties based on the use of a high
speed pseudonoise (PN) code. The high speed PN code is used to modulate
signals transmitted from both the base stations and the remote units.

' 25. Transmitter stations using different PN codes or PN codes that are offset in
time produce signals that can be separately received at the receiving station.
The high speed PN modulation also allows the receiving station to receive
several instances of a common signal from a single transmitting station
where the signal has traveled over several distinct propagation paths due to

30 the multipath characteristics of the radio channel or purposefully
introduced diversity.

The multipath characteristics of the radio channel create multipath
signals which travel several distinct propagation paths between the
transmitting station and the receiving station. One characteristic of a

35 multipath channel is the time spread introduced in a signal that is
transmitted through the channel For example, if an ideal impulse is
transmitted over a multipath channel, the received signal appears as a
stream of pulses. Another characteristic of the multipath channel is that
each path through the channel may cause a different attenuation factor. For
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The multipath characteristics of a channel can cause signal fading.

Fading is the result of the phasing characteristics of the multipath channel.

A fade occurs when multipath vectors add destructively, yielding a received

signal that is smaller than either individual vector. For example if a sine

20 wave is transmitted through a multipath channel having two péths where
the first path has an attenuation factor of X dB (decibels), a time delay of
with a phase shift of © radians, and the second path has an attenuation

- factor of X dB, a time delay of 8 with a phase shift of © + n radians, no signal
would be received at the output of the channel.

25 In narrow band modulation systems such as the analog FM
modulation employed by conventional radio telephone systems, the
existence of multiple path in the radio channel results in severe multipath
fading. As noted above with a wideband CDMA, however, the different
paths may be discriminated at the receiving station in the demodulation

30 process. The discrimination of multipath signals not only greatly reduces
the severity of multipath fading but provides an advantage to the CDMA
system.

In an exemplary CDMA system, each base station transmits a pilot
signal having a common PN spreading code that is offset in code phase from

35 the pilot signal of other base stations. During system operation, the remote
unit is prbvided with a list of code phase offsets corresponding to
neighboring base stations surrounding the base station through which
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15 'termmated When the remote unit is in communication with two base
stations, the remote unit combines the signals received from each base
station in the same manner that multipath signals from a common base
station are combined.

In a typical macrocellular system, a system controller may be

20 employed to create a single signal for the other end user from the signals
received by each base station. Within each base station, signals received
from a common remote unit may be combined before they are decoded and
thus take full advantage of the multiple signals received. The decoded
result from -each base station is provided to the system controlier. Once a

25 signal has been decoded it cannot be ‘combined’ with other sighals. Thus
the system controller must select between the plurality of decoded signals
produced by each base station with which communication is established by a
single remote unit. The most advantageous decoded signal is selected from
among the base station and the other signals are simply discarded.

30 Remote unit assisted soft handoff operates based on the pilot sighal -
strength of several sets of base stations as measured by the remote unit. The
Active Set is the set of base stations through which active communication is
established. The Neighbor Set is a set of base stations surrounding an active
base station comprising base stations that have a high probability of having a

35 signal strength of sufficient level to establish communication. The
Candidate Set is a set of base stations having a pilot signal strength at a
sufficient signal level to establish communication.
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unit through the first base station. The message identifies a new Active Set

that includes the first and the new base stations. The remote unit searches

for the new base station transmitted information signal and communication

is established with the new base station without termination of

20 communication through the first base station. This process can continue
with additional base stations.

When the remote unit is communicating through multiple base
- stations, it continues to monitor the signal strength of the base stations of
the Active Set, the Candidate Set, and the Neighbor Set. Should the signal

25 strength corresponding to a base station of the Active Set drop below a
predetermined threshold for a predetermined period of time, the remote
unit generates and transmits a message to report the event. The cellular or
personal communication system controller receives this message through at
least one of the base stations with which the remote unit is communicating.

30 The cellular or personal communication system controller may decide to |
terminate communications through the base station having a weak pilot
signal strength.

The cellular or personal communication system controller upon
deciding to terminate communications through a base station generates a

35 message identifying a new Active Set of base stations. The new Active Set
does not contain the base station through which communication is to be
terminated. The base stations through which communication is established
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through whi cho o lneAlinfAtiohs S8he b béference from the other remote units.
. On the other hand, if the remote unit transmitted signal is at a power level
that is too high when received at the base station, communication with this
25 particular remote unit is ‘acceptable but this high power signal acts as
interference to other remote units. This interference may adversely affect
communications with other remote units.
Therefore to maximize capacity in an exemplary CDMA spread
spectrum system, the transmit power of each remote unit within the
30 coverage area of a base station is controlled by the base station to produce the
 same nominal received signal power at the base station. In the ideal case,
the total signal power received at the base station is equal to the nominal
power received from each remote unit multiplied by the number of remote
units transmitting within the coverage area of the base station plus the
35 power received at the base station from remote units in the coverage area of
neighboring base stations.
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5 send a message to the rempte unit. The cellular or personal

comuni cati on system control |l er al so conmuni cates information to the
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renote unit WOSZB%BNi cations are thus routed only through bECHUSY7®I876Nns
identified in 5 the new Active Set. Because the renpte unit is
comuni cating with the end user though at | east one base station at all
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t he forward link channel for the same remo e unit due to mdependent fading of
the two channels, the signal as received at the base station from this remote
unit would increase in power. This increase in power causes additional
interference to all signals sharing the same frequency assignment. Thus a
20 rapid response of the remote unit transmit power to the sudden
improvement in the channel would improve system performance.
Therefore it is necessary to have the base station continually contribute to
- the power control mechanism of the remote unit.

Remote unit transmit power may also be controlled by one or more
25 Dbase stations. Each base station with which the remote unit is in
communication measures the received signal strength from the remote
unit. The measured signal strength is compared to a desired signal strength
level for that particular remote unit. A power adjustment command is
generated by each base station and sent to the remote unit on the forward
30 link. In response to the base station power adjustment command, the
remote unit increases or decreases the remote unit transmit power by a
predetermined amount. By this method, a rapid response to a change in the
channel is effected and the average system performance is improved. Note
that in a typical cellular system, the base stations are not intimately
35 connected and each base station in the system is unaware of the power level

at which the other base stations receive the remote unit's signal.




30 coverage area of a base station is controlled by the base station to
produce the sane nom nal received signal power at the base station. In
.the ideal case, the total signal power received at the base station is
requal to the ngm nal power received fromeach renote unitrm] -gd
by the nunber g@%ﬁ%}?e units transmtting within the coveragged"g’?dea of
the base station plus the 35 power received at the base station from

renote units in the coverage area of 7ne| ghboring base stations.
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Base station diversity at the remote unit is an important
consideration in the soft handoff process. The power control method
described above operates optimally when the remote unit communicates

20 with each base station through which communication is possible. In doing
so, the remote unit avoids inadvertently interfering with communications
through a base station receiving .the remote unit’s signal at an excessive
level but unable to communicate a power adjustment command to the

_remote unit because communication is not established therewith.

25 A typical cellular or personal communication system contains some
base stations having multiple sectors. A multi-sectored base station
comprises multiple independent transmit and receive antennas. The
process of simultaneous communication with two sectors of the same base
station is called softer handoff. The process of soft handoff and the process

30 of softer handoff are the same from the remote unit’s perspective. However
the base station operation in softer handoff is different from soft handoff.
When a remote unit is communicating with two sectors of the same base
station, the demodulated data signals of both sectors are available for
combination within the base station before the signals are passed to the

35 cellular or personal communication system controller. Because the two
sectors of a common base station share circuitry and controlling functions, a
variety of information is readily available to sectors of a common base
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T noreases. optalonr SR roh VAURBISCPeY e, DS Ra ppiine. AIbHRSS Um !
pr edet er ni neektarsoofna codynam basenstation sendrthpisamecppwes contyoh infesmeation t he
;:Eatnnel ist%g%we?ﬁﬂl(ggawgﬁ%lﬁm;em performance is inproved. Note

at in a typical_ ce ar system the se statjops are not, j nti ly 35
connected and eaghetﬁ%'éb’é‘tagf’ oPFqCﬁsst‘ﬁ‘es"gggﬁlﬂﬁ‘f@t Gﬁg‘?@rge'&f’a\’*?éj% I>/evel
at whi chst hérom Rdiffebertesestors ito e corolzined béfore decnding mnd thusi preduce a
10 571 2560 gy o, dten st s T, s, i e B

) - ne

base st Performegy &) the relative § evelr i YU PEQEHIRE s
stati on. thd cost aetialsle woinibination ppocesshese nul ti pl e base station power
adjustment . C ?atbgv@,\’@lb%a% Qﬁﬁantcaﬂof@%ivb%ﬁ%gl&hﬁ&ms gg‘fﬁé sely

St 11 cf ARt | $emerrerRpte unit sigpal- Labh GGG FEBREE 6 the pgEi, Sl o
| east loinghgfis tabﬁﬁe@eo a defticdlation elémenpoVithe dentodulatedcbatputnof she
PeCe ent AR Ay CORBI The AEUAARE 14 Sl T
comuni cat i slemediiation elementsy R bsing assignedtpaa s s?%%t'@a)ﬁhf’t
decr eases i tassighedtoiatsignalifedm lanyainel of st df sectonst iatthe ipase stationh Thusch t he
remote yalt ¢ha hileCRTHYN MY QS € FesoAtRed Niith L RIghP@iierty by assigning
demodulation elements to the strongest signals available.
Combining signals from sectors of a common base station also allows
a sectorized base station to make a single power adjustment command for
remote unit power control. Thus the power adjustment command from
20 each sector of a common base station is the same. This uniformity in power
control allows flexible handoff operation in that sector diversity at the
remote unit is not critical to the power control process. Further details-of
-the softer handoff process are disclosed in U.S. Patent Application Serial
No.08/144,903, filed October 30, 1993, entitled "METHOD AND
25 APPARATUS FOR PERFORMING HANDOFF BETWEEN SECTORS OF A
COMMON BASE STATION,” assigned to the assignee of the present
invention. Further information on the benefits and application of softer
handoff are disclosed in U.S. Patent Application Serial No. 08/144,901, filed
October 30, 1993, entitled "METHOD AND APPARATUS FOR REDUCING
30 THE AVERAGE TRANSMIT POWER FROM A SECTORIZED BASE
STATION" and U.S. Patent Application Serial No.08/316,155, filed
September 30, 1994 entitted "METHOD AND APPARATUS FOR
REDUCING THE AVERAGE TRANSMIT POWER OF A BASE STATION"
each of which is assigned to the assignee of the present invention.
.35 Each base station in the cellular system has a forward link coverage
area and a reverse link coverage area. These coverage areas define the
physical boundary beyond which base station communication with a remote



decreased. A system for base station and renote unit power control is
disclosed in U S. Patent No. 5,056,109 entitled "METHOD AND

APPARATUS FOR CONTROLLI NG TRANSM SSI ON PONER IN A 15 CDVA CELLULAR MOBI LE
TELEPHONE SYSTHM g72bgpgued Oct ober 8, 1991, assi gned to thepAndidRgsrsOf
. the present invention. Base station diversity at the renote unit
is an inportant consideration in the soft handoff process. The power
~control nethod descri bed above operages optimally when the renote unit
conmmuni cates 20 w th each base station through which conmmunication is
possi bl e. In doing so, the renote unit avoids inadvertently
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PCT/ US97/ 01g7kemote unit’s receiver would perform the same regardless of which base
15 station it was receiving. The reverse link handoff boundary is defined as the
location of the remote unit where two base station receivers would perform
the same with respect to that remote unit. . _
Ideally these boundaries should be balanced, meaning that they
should have the same physical location. If they are not balanced, system
20  capacity may be reduced as the power control process is disturbed or the
handoff region unreasonably expands. Note that handoff boundary balance
is a function of time, in that the reverse link coverage area shrinks as the
number of remote units present therein increases. Reverse link power,
which increases with each additional remote unit, is inversely proportional
25 to the reverse link coverage area. An increase in receive power decreases
the effective size of the reverse link coverage area of the base station and
causes the reverse link handoff boundary to move inward toward the base
station. :
To obtain high performance in a CDMA or other cellular system, it is
30 important to carefully and accurately control the transmit power level of the
base stations and remote units in the system. Transmit power control limits
the amount of self-interference produced by the system. Moreover, on the
forward link, a precise level of transmit power can serve to balance the
forward and reverse link handoff boundaries of a base station or a single
35 sector of a multi-sectored base station. Such balancing helps to reduce the
size of the handoff regions, increase overall system capacity, and improve
remote unit performance in the handoff region.




station that is not avail abl e between independent base stations. Also two
sectors of a comon base station send the sane power control information
. to a renote unit (as discussed bel ow). The conbi nation process in
softer handoff allows denodul ated data 5 fromdifferent sectors to be :
conmbi ned bef ¥PP"A¥di ng and thus produce a si ngl e soft RSVE'BBBut put

val ue. The conbi nati on process can be perforned based on the relative
signal |evel of each signal thus providifg . the nost reliable
conbi nati on process. As not ed above, the base station can receive

multiple instances of the 10 sane renote unit signal. Each denodul at ed
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calls between the new and surrounding base stations as the new base station
. is added to or removed from the system. |

Each base station in the system is initially calibrated such that the sum

25 of the unloaded receiver path noise and the desired pilot power is equal to
some constant. The calibration constant is consistent throughout the system

of base stations. As the system becomes loaded (i.e. remote units begin to
communicate with the base stations), a compensation network maintains

the constant relationship between the reverse link power received at the

30 base station and the pilot power transmitted from the base station. The
loading of a base station effectively moves the reverse link handoff
boundary closer in toward the base station. Therefore to imitate the same
effect on the forward link, the pilot power is decreased as loading is
increased. The process of balancing the forward link handoff boundary to

35 the reverse link handoff boundary is referred to as base station breathing is
detailed in U.S Patent No. 5,548,812 entitled "METHOD AND APPARATUS

FOR BALANCING THE FORWARD LINK HANDOFF BOUNDARY TO
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9 unit is degraded. In other words, if arenote unit is wthin the
base station's coverage area, the renote unit can comunicate with the
base station, Ribetdeses the remote unit is beyond the cover achf/bE@mm%
conmuni cati-ons are corrprom sed. A base station may have sin or
multiple sectors. Single sectored base stations have appr oxi matel y a
circular coverage area. Mul ti-sectoregybase stations have independent
coverage areas that form | obes radiating fromthe base station.

Base station coverage areas have two handoff boundaries. A handoff
boundary is dgHEeRBVERSE [LINK ¢ HANDOFF 0O BOWNIEARY! WIN bage GEELURAR

T e ComINCRIEN St 1 4 b
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the base station communicating with the remote unit. In such a location,

the total interference would be increased by three times over the
20 interference seen by a remote unit at a point relatively close to its base

station. In addition, the interference coming from the neighboring base

stations does not fade in unison with the signal from the active base station

as would be the case for interference coming from the active base station. A

remote unit in such a situation may require 3 to 4 dB of additional signal
25 power from the active base station to achieve adequate performance.

At other times, the remote unit may be located where the signal-to-
interference ratio is unusually good. In such a case, the base station could
transmit the corresponding forward link signal using a lower than nominal
transmitter power, reducing interference to other signals being transmltted

30 by the system.

To achieve the above objectives, a signal-to-interference
measurement capability can be provided within the remote unit receiver. A
signal-to-interference measurement is performed by comparing the power
of the desired signal to the total interference and noise power. If the

35 measured ratio is less than a predetermined value, the remote wunit
transmits a request to the base station for additional power on the forward
link. If the ratio exceeds the predetermined value, the remote unit



base stations and renote units in the system Transmt power control limts
the anobunt of self-interference produced by the system Moreover, on the
forward |ink, a precise level of transmt power can serve to bal ance the
forward and reverse |ink handoff boundaries of a base station or a single
35 sector of WOMAY. sectored base station. Such bal anci ng hBFHYS¥Q187Rquce

t he size of the handoff regions, increase overall system capacity, and
| mprove renote unit performance in the handoff region.
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10 Bef ore addi ng a new base station to the exi sting network,
the forward | | nk
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transmt power 1s 'nct easel 9!
components comprising the transmit chain o the base station. Variations

in the gain typically occur over temperature and aging such that a simple

calibration procedure at deployment does not guarantee a precise level of

output transmit power over time. Variations in the gain can be

20 compensated by adjusting the overall gain in the transmit chain so that the

actual transmit power of the base station matches a calculated desired

transmit power. Each base station sector produces several signaling

* channels which operate at a variety of data rates and relative signal levels

which combined create a raw radio frequency transmit signal. The channel

25 element modulators, each of which corresponds to a channel, calculate the

~ expected power of each channel signal. The base station also comprises a
base station transceiver system controller (BTSC) which generates a desired

output power of the sector by summing the expected powers of each

channel.

30 A key aspect in implementing a wireless communication system is
placement of antennas throughout the coverage area such that every
location in the entire coverage area where a remote unit may be located is
supported with sufficient signal levels. To create a distributed antenna, the
transmit output of the base station is fed to a string of antenna elements

35 each separated by delay. A distributed antenna exploits the ability of direct
sequence CDMA to discriminate against multipath by creation of deliberate
multipath that satisfies discrimination criteria.



recei ve power is decreased nust be sufficiently slow to permt handoff of
call s between the new and surroundi ng base stations as the new base station

is added to or renoved fromthe system Each base station in the
systemis initigglddhosg! | Prated such that the sum 25 of the unpepfRernisrs
recei ver path noise and the desired pilot power is equal to sone

constant. The calibration constant is consistent throughout the system

of base stations. As the system becones |paded (i.e. renmpte units begin to
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the constant rel ati onship between the reverse |link power received at the 30
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response 19 cantenma elebmentntard the base station and allowing the use of readﬂy
available SAW devices as delay elements.

Another advantage of the distributed antenna arrangement is that
little site specific engineering is required for installation. Normally,
antenna placement is determined only by physical constraints, i:og_ether with

20 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. '

25 An objective of a personal mobile communications network is to
provide coverage over a large geographic region. Such broad geographic
coverage is essential and must be provided on the first day of service to
attract users in the present economic environment. One of the major
expenses of providing coverage over a large geographic area is the

30 acquisition of real estate and land usage rights and the installation of base
stations each providing coverage for a portion of the total geographic
coverage area.

Note that cable television (CATV) networks provide extensive
coverage over nearly all suburban areas. Thus if the CATV network, called

35 the cable plant, could be used as the basis for a wireless communication
network, the task of obtaining real estate and land usage rights and the
expense of installing discrete base stations could be avoided. Thus a



transmtted by each renote unit. The primary reason for providing such
control is to acconmodate the fact that in certain |locations the forward
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received from the remote units for transmission by the RADs onto the cable
plant.

20 At the headend of the cable plant, a base station is installed to act as an
interface between the RADs and the public switch telephone network
(PSTN). The base station provides the functions of a standard macrocellular
base station such as frequency downconversion, demodulation, signal

- combination, and signal decoding as well as modulation, power control and

25 frequency upconversion. The base station may also perform some of the
functions which are usually performed by a centralized system controller in
a standard macrocellular system such as selection vocoding functions.

In addition to the functions of standard base stations and centralized
system controller, the CATV base station must also compensate for gain

30 variations in the cable plant. The downstream power control is regulated by
a RAD reference signal which can be hidden within the CDMA signal for
maximum efficiency. The upstream power control is regulated by an
‘upstream gain reference signal which is individually transmitted by each
RAD on the upstream link.

35 The architecture of the present invention lends itself to a great deal of
flexibility. Each RAD can operate as either an element of a distributed
antenna or a base station sector unto itself. The function of each RAD as
distributed antenna or as sector can be remotely programmed from the

il




frame error rate (FER) of the resulting signal. The base station
recei ves the power adjustnent requests fromeach 5 renote unit and

.responds by adj usting the power allocated to the correspondi ng forward
1ink signal v@(hp,r foggt €r m ned amount.  The adj ust nent wo y
‘be smal |, typically on the order of 0.5 to 1.0 dB, or around 12% The
-rate of change of power may be somewhat sl ower than that used for the
reverse |ink, perhaps once per second. Inqghe preferred 10 enbodinent, the
dynam c range of the forward link adjustment is typically limted such
as from4 dB I ess than nonmnal to about 6 dB greater t han nom nal
transmt powekeadend processoPDM‘l"lﬁ%SQhét ety [y 8 | dylstent Ocdit Obe de
accurate contro?

hejr transm r IeveI rovr de accurate
power control 5eP$'aP§‘cf§Y CR@B& 0 9‘:%‘?‘38%@%%‘@5}"5/5?@ I n the gain
in the various The ditepdbiity sals:mqamtporﬁgnt ra¢ systens deplayment. ofWher thee
station. Vari @%ét@ﬂlsxs dﬁploﬁéa ttﬂ@e ?¥ﬁh§?ﬂ néKiPHf\l Bﬁé sé&BPﬁE el ibasend

agi ng -such_t ha ure oynent does not
guar antee @ pptasiong Q%PF e the uutzailgdg UY&PP‘H?] B&é’i‘%ﬁ
Vari ations inndre gesourcesn clse s’aﬁ\plyoh@earaMﬂealt itlye amadendngp tprevnieermbte gai n

' the t t b
Is'?at [ gn rrg?(szhg&spﬂk?al cuP %ﬁgi; yiesr re rogﬁﬂfﬂ@a Hxﬁaégo fr&ﬂ""%e Q{eghgﬁd

(ransm t Each base statron
sector produc®Perate ayith added TeSOUREESnel s whi ch oper ate at a variety

of data rates and r[’hbaihtimatam;dmioﬂ efehe base statibhalesmurres aHows rthatsystem aw
radio freqgengy Jo?]:gﬁﬁ ‘Sigrid] a {bﬁ?&ﬁ&u\%ﬁm aleedrent s&‘!&‘ié' ol hoﬁECh

—u:u

of which correspo

each channel $hg rﬂfﬁteml'ﬁgeb ‘§P?‘Bﬂ and 3’&9&?‘?‘9&“&: us 96’2@2%4’&19%

transceiver synipbe performederver BiSentivétyast the servitecarea. desired out put
power of the sector by sunmi ﬁ t he eB&ect ed povvers of each channel . 30
A key aspect in inpl endhRIEE RESCRBI s

pl acenent 18t antennas thr oughout the coverage ar ea such that every
| ocation in the enfﬂheefeem.agb)eetseand/rﬁ\@mageémft theypresentjnventioe awildl i s

supported wi t lhegbinkl b h%@'ﬁéﬁV&ieSdeﬁﬂe&maé tiort sétl forltl belbwARVREN A,

t he tran t out t he tation nna
el enents 35 35% § erf‘b'ﬁ'ﬁ‘e%\ g%f’erne %Je*e‘g%f:g% A
ability of di rlégnhf}’ COIT ghouti and wheseine agai nst nul ti path by

creation ai deliberrgGel is a dliyhﬁ-[ RistratifgtarséiengplaBscdblé planty nat i on
criteria. FIG. 2 is a block diagram illustrating an exemplary cable plant
integrated with a personal communication system;
FIG. 3 shows the forward link signal processing structure of an
exemplary radio antenna device (RAD);

25 FIG. 4 shows the reverse link signal processing structure of an
exemplary RAD;
FIG.5 shows an antenna pattern of a typical three sectored base
station;

FIG. 6 shows a set of distributed antennas providing coverage to a
30 concentrated coverage area;
FIG. 7 illustrates an exemplary embodiment of a standard cellular
system showing three single sectored base stations;
FIG. 8 illustrates an exemplary embodiment of a three sectored base
station of a standard cellular system;
35 FIG. 9A is an exemplary spectral distribution on the downstream cable
plant link;
FIG. 9B is an exemplary spectral distribution on the upstream cable
plant link;
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13 A technique_ for inproving performance of a distributed
ant enna system usi ng parallel strings of discrete antennas wherein each
antenna on a commn string is separated fromits nei ghbors b dela S

di scl osed_ in WOS"29608 pyient No. 5,280,472 entitled "CDVA M

TELEPHONE 5 SYSTEM AND DI STRI BUTED ANTENNA SYSTEM THEREFOR', whi ch

i ssued as on January 18, 1994 and assigned to the assignee of the pr esent
invention. Further devel opnment of the di ¥ ributed antenna concept is
disclosed in U S. Patent Application Serial No. 08/112,392, filed

asoioned to the dacr aBugmte.ah Sempiary, ik SHERR hé e PRBOPein

ant enna aacordeyerenith &egrmlssntmnntmm ed from antennas of different
ant enna el ez li‘%héwﬁ‘&r%égaﬂﬁ% ﬁv'l-l‘i‘cl'P"tRé/ l@ﬁg t@férfeﬁé@@{gnﬁ?k@?lae@d hs
emen

bet ween t he . base st.a e ante e antenna S may
conpri se ing e reBHRF & f/s’cﬂ?ﬂg qr’é’dum ng the cabling path | oss
bet ween tihe 15 aFiGednased bkt diagraimt fiskrasings pattially thed fahdtivsisnof the use
of readily g4; gyghél jheie SAWdevices as del ay el enents. : Anot her
advant age of ﬁ!u stri but ed antenna arrangenent is that little site

speci fic engineeri TATESD DESCRIPTION ant enna
pl acenent is deter manedAon by p&ﬁhﬁb@%&é’%ts Fogelq](er with 20 the
requi renﬁft t hat every Iocatlon d must be covered by a set
of two antennas. There_.is no concern for_the over] agﬁl ng, of _ant enna

patterns. In factFlolethoyshanexemplasy cable plast.r Satellite, signal antennas, 10es
di versity Opaliditimlﬂeﬁeﬁ)véiltbldWS1ﬁthTN) rmgiwﬂsotwiéam it ahe KV oF! @pband

however, n_ot :&éﬁﬁ\ggit headendAi] Ry efdcbiter Al Withil %&Q?Enﬁ‘)&’ ebfiverts
net ra

connunlcatlo rovi de cov e over a |arge geographlc
r egi on. Such F}%Pp weer R¥ roGapsmisgion, throughonts
provi dedl®n tdide fplant dﬁypmill)sedawnstrém TVatsligmds are ecanried withinr ¢hent

ST ot no RS e Mgl ot plg pctod). PN A ggene
usage ri ght sS&R oy ZtYorecsivesald are pasqua{:q énga‘él&cﬂf ﬂﬁemcala g
coverage for ophpﬂr Sugnal cn‘oﬁvlaetetmlm -36hgr Hakhcof electricaletagepticala signal
converters 16A - 161 converts the electrical RF signals to optical signals for
20 fiber optic transmission to a subset of the geographical coverage areas
serviced by a plurality of fiber nodes 20A - 201. For example, fiber 2 carries
the optical signals from electrical to optical signal converter 16A to fiber
node 20A. Fiber nodes 20A - 201 are spaced throughout the geographic area
- serviced by the signal from fiber 2. Each of fiber nodes 20A - 201 provides the
25 signal through electrical signal cable to a plurality of destinations 24A - 241,
such as houses, apartment buildings, and businesses. Located along the
length the electrical signal cable are a plurality of bi-directional
amplifiers 22A - 221. The electric signal cable and amplifiers may also be
arranged in a parallel and/or star configuration rather than the series
30 configuration shown in FIG. 1.

The path of the T.V. signal from headend 4 to destinations 24A - 241 is
referred to as the downstream path. Typically a city with a population of
about 1 million people has three or four headends. The fiber lines, such as
fiber 2, run long distances in underground conduits or above ground poles.

35 From each fiber node 20A - 201, the electric signal cables usually run about a
mile or less depending on the number of destination. Bi-directional
amplifiers 22A - 221 may be inserted every 1000 feet along the electrical
signal cable. Typically no more than five bi-directional amplifiers are



Note that cable television (CATV) networks provide extensive cover age
over nearly all suburban areas. Thus if the CATV network, called 35 the
cabl e plant, could be used as the basis for a wirel ess comunication

network, the tagle9hosgpt ai ning real estate and | and usage ri ghtperaiRen18%
expense of installing discrete base stations could be avoided. Thus a
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14 centralized headend processor coukg provide the necessary signal
processi ng functions at a single location within the geographic region
and the cable di stribution nmeans could be used to carry the wirel ess

si gnalj to the_ddg&HfEdSalon% anytoneT BRcital & ib&b'le.gaueftofa@ %&nﬂgﬁbn
provide a nyri Ol, ntages | n..a ased W rel ess system e
diptpgtiort added By sach amplifier

i ntegration of tation network with the cable plant
can be carefully TheoFedaral €Camgruniratiohe Comrissiome (FECh regulations: vequiret y

gﬂghcgpggisty Ghat hheClllfle planty Prévide T H-dit&tRnk] | f@RiufibadGekSwith ¥Ré! ne

0 .. . ) RY, OF THE | NVENTI ON _,.
The pr esent | HFSHRRHPNT. s As HEhoiRAIIOR I IRS rvisSTesm SYTPD) PiRYIding T.V.
personal commsigmals itorthe ydestinativhhan updttean clysters i providesna. signaling gath adi o
antenna devi CegomRakSinatichsC 24A65 b bhdk tt{i'ehééﬂghg ] ame EgﬁtrBﬁRs p?h?‘ikde

15 frequency .conver,sion and powe ontrol of t r

sign ceLve romthe
tabl ¢ plant 1 GRERASG) ESCaTin ALTNEL JoweD Yolume: o SRR, TRIES fhen Fheo
provi de power duwhstodanapath.r The apstreamrpath shaynbefusedr forexamplgnt indicate

received ffoomd‘g%ere@g%g,flﬁgigg ,R; ﬁ'&aaﬁ%ﬁwr@%t he RADs onto the cable

pl ant. 20 a base station.i

the" ca

"nstalled to act adhfupswean nk qparates essensirlly fhergasie 2n dne Revesns of the

swi t ch t el ephcloswnsireson dink. . Typieglljxithe Tipstieaselink aoperatesromva daere himited

functions of e’ GaliBe’ Qich! Uhfr'from Base %atm_sucl’sigﬁalgr ERMERCY
downconver si ondi%gra’rgggé % %1 ®ard Carried via the electrical signal cable and

15  bi-directional amplifiers 22A - 221 to fiber node 20A. At fiber nodes 20A - 20],
the signals are converted from the electrical form to optical form for
transmission on fiber 2. At headend 4, the upstream signals are converted
to electrical form by optical to electrical signal converters 18A -18I. The
upstream signal are then processed by user signal processor 6.

20 - In typical configurations, there is a one to one mapping between
electrical to optical signal converters 16A - 161 and fiber nodes 20A -201. A
unique fiber within fiber 2 carries each downstream and upstream signal
separately. '

FIG. 2 shows an exemplary architecture embodying the present

25 invention integrated with the exemplary cable plant of FIG. 1. Headend 4
has been replaced with headend 40 which provides the wireless
communication functionality. Within headend 40 is base station 44 which
interfaces the wireless communication network with public switched
telephone network (PSTN) 30. In addition base station 44 provides for the

30 generation of the forward link code division multiple access (CDMA) call
signals as well as pilot and other overhead signals which are distributed on
the downstream link. Base station 44 also provides for the selection or
combination of the reverse link CDMA call signal and overhead signals as
received on the upstream link. Base station 44 is explained in greater detail

35 subsequently herein. '

As noted above, the downstream CATV plant typically carries T.V.
signals in a frequency band of 54 MHz - 550 MHz. However the downstream



conbi nati on, and signal decoding as well as nodul ati on, power control and
25 frequency upconversion. The base station may al so perform sonme of the
funftlgnsdmhich arﬁluFuaIIy performed by a centralized systemcontroller in
a standard macrocell ul ar system such as sel ection vocoding f '

In addition t WO ncti ons of standard base stations ang CWS??‘?%%F
system controller, the CATV base station must al so conpensate for gain 30
variations in the cable plant. The downstream power control is regulated by
a RAD reference signal which can be hidden within the COMA signal for

maxi mum ef fi ci ency. The upstream power control is regulated by an

RAD on ¢ he. UATSechlBnf . Bable" 8 Brldhlly W‘”’%hﬁé‘? X Slgrale e ach
i nvention | end90iNElal fSome weryrrew syetgmscire capable |of ppgrationup EA@ES -can
Operate as o' itdhe 6! Sy5Riins Bhatiruil Sty 11350 to 450 BIHAGwerd] TVbanay

station sector .unto i,tself, The,f each ted |

antenna or JeedorR cleaged for Pé?rbtfgyﬁ'ﬁf)?ga?a R@?ﬁr?acﬁgmbmugé&t&hm \3\0

97/ 296085 present invention, the CDMA forward links 51gnals are qagried)dp the 5506

égographlhggll p m&e @d&ﬁcdeé%h r‘ﬂ#"tﬁé:@DﬁAtfbﬁvﬁﬁshﬁmlscan be
e chan [ i t

The fl exi bi I? ??%ﬁgrctﬁ%ﬁtva ﬁ§y€ 3735\? \7@ g'em plant system

i s depl oyed, Thehefomar& tinkyeutpmt nfrgm dage statiorodd is sommmed withe thasB Vs

station to sgENhGesbAf T.V! treédiber 14 %fmepfuusm foi¥ragd Slireltn COMA

I ncr eases nor e resource can added at the d.to Jprovide
mor e Q:ap'ﬂST‘?l? arq»ﬁgarﬁmgte (D PISEP f?s%aﬂg‘?h dto

operate wit htirbaghethy dowestrearnoCATY. link. As expll@nﬁdt imngreat edetailon of
e, b ot AL Gy kD B BHSERIAL of B M, B aDMA
denodul at i onmmﬂlsb%qeo %cﬁ“ﬁﬂma]' gfcga;@%éBL%ﬁ ;‘%I Rﬁg g [S)te o?];r;[agr
over the entiadiate tie fodmvardrlinkeCBMA. signal into the geographlc serv:ce area
15 associated with fiber node 20A. RADs 50A - 501 are spaced along the length
of electrical cable associated with fiber node 20A typically with a spacing of
1000 - 1500 feet. The forward link CDMA signals are passed through bi-
directional amplifiers 22A -221 with the T.V. signals. RADs 50A - 501,
obviously, must be placed such that the signals they provide may be radiated
20 with sufficient energy levels over the desired coverage area. As such, if the
electrical cable associated with fiber node 20A is underground, RADs 50A -
501 may be installed at one or more of destinations 24A - 241. For example,
- even if the electrical cable is underground, the cable emerges from the
ground to connect to the physical structure associated with each destination.
25 RADs 50A - 501 may be installed on the roof top of a residence. If the
electrical cable associated with fiber node 20 is above ground, RADs 50A - 501
may be placed anywhere along the cable itself or with one of the poles
supporting the electrical cable.
As noted above the upstream link operates over the frequency range
30 of 5 - 40 MHz. The reverse link CDMA system operates most
advantageously if there is diversity in the receive path such that each of
RADs 50A - 501 has two different receive antennas each providing a separate
signal back to base station 44. Thus if the reverse link CDMA signals were to
be frequency multiplexed within the CATV plant, twice as much spectrum
35 bandwidth would be required on the reverse link than that used for the
forward link CDMA signals. But only 35 MHz of bandwidth is available on
the upstream CATV plant. Thus, as shown in FIG. 2, each fiber



BRI EF DESCRI PTI ON OF THE DRAW NGS 15 The features, objects, and

advant ages of the present invention wll becone nore apparent fromthe
detail ed description set forth bel ow when taken in conjunction with
the draw ngs i (yg;, li ke reference characters i dentify JUSS7/01876
correspondi ngly throughout and wherein: 20 FIG 1 is a diagram

Il lustratiing an exenpl ary cable pl ant; FIG 2 is a block diagram
illustrating an exenplary cabl e pl ant integrated with a personal
conmuni cati on system FIG 3 s}mws the forward |ink signal
processing structure of an exenpl ary radi o antenna device (RAD); 25

FIG 4 shows fiff Mebéfcéﬁéggo%%@ﬂacﬁf&@%%&\ ?&aséoﬂ'l% BhRAIrRf oA8 of op tlcal
exenpl ary RA 0

three sectore D’ESP glectrical Slgngfgppgﬁrters 18A 2 sfm%ﬂ% qugg\g a E%]P' cal

di stribut ed acdrerentess p8AVvi181 ix)carowetad dotheadefid processent40at Bdsa:statmgﬂ

area; ou u@ﬁxd;eéé&éésgxgﬁél%ﬁmff& @nbodi ment of a standard
cel l ular stem sh ree sin sectoreq base stations;
FIG 8 ill%ustrat es-‘*ﬁﬂ“’é‘;‘&gI PHPy%%BER%ﬂ aspest of R CMA Spmmpmication

station of a systardsdhe @ldwdrad’onswi tofrbotRthe forward Eh&tegémegltm dreprionr y
IS:F%Ct ggl i gl ZL%MW specprg%/mg{ ?%aﬁt g&ﬁeratxo?hm&ﬂét rue‘amﬂbeata“tenna
pl ant |ink; means are collocapgs gthe prior CDMA base statxons may simply set
PCl / US97/ 0187ﬁte transmit power level dxrectl Likewise, the priorlart CDMA base Fl G
10 I ust G chaRBne sEPhaLPhask,Al @ B APl 6108 i Aceives
In contrast in the CATV plant based system, base station 44 and RADs
50A - 501 can be located many miles apart. Also, a quick glance at FIG. 2
shows that the path between each individual RAD 50A - 501 to base station
44 is different. In addition to the fixed physical differences between the

15 paths, the gain of the CATV plant varies considerably over time such as in
response to the wide range of temperatures over which the system must
work. The CATV plant also is subjected to a variety of dynamic ingress
signals. Ingress signals are unwanted signals which enter the cable plant. A

. multitude of ingress signals are created in the urban environment such as

20 from other communications systein (such as local T.V. systems, commercial -
broadcast radio systems, Citizen Band Radios) and from machinery which
creates random sporadic emissions (such as emissions from starting an
automobile). The ingress signals are highly unpredictable and highly
variable over time. _ :

25 Given the importance of power control to the CDMA system and the
complexity and variability of the amplitude response of the cable plant,
power control becomes an important aspect of the present invention. The
forward link power control compensation is accomplished by use of a RAD
reference signal transmitted over the downstream link. The reverse link

30 power control compensation is accomplished by use of an upstream gam
reference signal transmitted over the upstream link. The form and function
of the RAD reference signal and upstream gain reference signal are
explained explicitly below.

Before explaining the power control compensation mechanism, first

35 let us examine the structure of the RADs themselves. Each RAD provides
both forward link and reverse link signal processing. FIG. 3 shows the
forward link signal processing structure of an exemplary RAD incorporating



FIG 11 shows a scenario in which the RAD reference signal is placed in

the center of the CDVA sector signal; and 5 FIG 12 is a block
diagramillustrating partially the functions of the di gital shel ves.
DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS WO 97/29608 FIG 1 shows an exenplary cable pl RGATUSBHQISTG | ¢ o
signal antennas 10 and 12 receive television (T.V.) signals typically
in the Ku or C band frequency range at headend 4 T.V. receiver 14
Wi t hin headend 4 converts the signdPs to the | ower RF frequencies. for

transm ssion throughout the 15 cable plant. Typ| cally downstream T. V.

07550 Wi thepreledy PRipdiment thetgpho dncicy: dutoRIEHSh. SPUFIE 6P kT 14 g1 o

passed to as kffdmelimcéledtneél d¢able. Splittpt madlvklegn&ie xm:onungesxgnaBAo- 161 .

Each of ele A RAP! reteFRfREL S the
el ectrical S|gna ge%géag’?{@%gf&n Sprtoﬁ%ﬁg Félﬁer%éoptlc t?ég,nsm ES|on
to a subset signal RIORESHT §f refezence signal from the yerigthofr a1 ity

of fibersnoggtmaldpreserObn tli@releetﬁﬁﬂl eablé.i The RADareference signdlHesotlireeal

signals from (o) t 6 7 node
20% Fi ber mgﬁggejok\&% 5&? a%%%i cééi‘q t re&%r? C)u ?#%egsgg\o{ger?eéhgg for the
servi ced by frequenry) synthesizers; i to trapgatit GPn t‘hé@l 2’8& EGFh[?r ovi des
the 25 si gnRbsel finetions & dethiled delow.g RAD ¢eferendeGignl ys@fextracts

gﬁ:lt Inggtslegnibzﬁgﬁ%lg%é Tefer?%eS&gﬁalaﬁgépﬁee?# g‘?‘e(%%ﬁl C&%I gna ca@% are a

plural it oflttnnhasedpclsls&ps (PLL aeferenyce| signg| precessey $4 alsognal

cabl e and argtrabise e gﬂnai'éf@rehee signaPrwhitieds lmrﬂ\epapwdeeéecnrlg/ ®ABt ar
configuratiaqn.r g
|

The path of 'Pﬁcé gnal %%hﬁ%é&o(fégfgé‘%;%? na |ons 4;6\ -FZ{%D

referr ed to teference SigDRIPrOsessop 84 furthonextragts any cpptrolidata andipravides i of
about mi | |tbORAIE GRicRoPRscesddrc 88 Cfbrfﬁitthdieaﬂelydﬁ. The fcohmol | datasmayuch as

fib 2 I t I
55 Fr oras;;%en?a@ ﬁ%@?"ﬁgﬁﬁ%ﬁﬁ%ﬁ?@%ﬁﬁi ngfﬁ?ﬁ%r Seun
bout exgripie.gne|co aran &

gl ?gl rgctlora{ouldbechaﬁgdgd teh he > .may be inserted Ievery .1000 f eet

along the el ectr 'Iﬁ?elrrmedxatesfrgaﬁé %i:f pr&@é&:allé ﬁlsaorém{v%sti'giknfal ffom

bi di recti onal lLers are
sp 1tter 62. IF processor 70 frequency converts the incoming signal such that

20 the desired signal is centered about a predetermined IF frequency. As noted
above, the forward link CDMA signals are frequency multiplexed in the
cable plant. The frequency generated by PLL 64 is mixed with the incoming
“signal from splitter 62 such that the desired waveform is centered about the
predetermined IF frequency. Typically a IF processor 70 uses a surface

25 acoustic wave (SAW) filter or other filter matched to the wave shape of the
signal which the RAD is transmitting and rejecting the other signals coming
from splitter 62. If the physical distance between the RADs is insufficient to
provide delay to create usable multipath delays, IF processor 70 may also
comprise a field replaceable or programmable or fixed delay element.

30 The IF frequency signal is output from IF processor 70 to gam
control 72. Gain control 72 sets the transmit output power of the RAD in
response to a control signal from RAD microprocessor 88. Mixer 74
upconverts the gain controlled signal output from gain control 72 to the
transmission frequency. Power amplifier 76 provides a nominally fixed gain

35 and amplifies the signal to an appropriate power for transmission. Filter 77 -
filters the signal for transmission to suppress any unwanted mixer products.
Coupler 78 couples a small amount of the power transmitted from this RAD
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17 cascaded al ong any one el ectrical signal cable due to the

i nternodul ation di stortion added by each anplifier. The
‘Federal Communj] i Comm ssion (FCC) regul ations require %7;0%
cabl e plant prg(cﬂa%gga’s-di rectional communication wt hqt he 5 deg{:f’?\% | ong.

As such, in addition to the downstream system providing T.V. signals to
t he destination, an upstream system proviges a signaling path from
destinations 24A - 241 back to headend 4.%The upstream path is I nt ended’
to carry a nmuch | ower volune of signaling traffic than the downst ream

path. The upsi{&amBaldsfR E&jﬁéh ppWer HilRofipldr78 BnEhfied QB’ péer

sel ection of a "pay-per-vie ream
li nk oper at esd %fgé*@ﬁPBmﬂleﬁés@ féﬁ@’ﬁ‘i‘\}@r%ljo?“‘?ﬁﬁf“emr &gwnst ream
link. Typically tmwp@tm lthe krewpyea tlittk cuigmlrr@wcdssmgt sttucture of aquency

range such as I t
24A - .241 ar ee’&eé?? a VI a ﬁox%%ratl}q;gl caP Si J}Q %b%‘?%mdmfg&gs Ihl rectf onal
anpl i fi er 5 22antenpas 109 angel26,38@ eagh CﬁtefbrwnbdélyszBAD» 2§)sing  twaq he

signal s are cgdihteddahteinabhp 1aeéde<‘s‘dme: ailsﬁaﬁEéndpenoat igagh RaDNih&roduces

t f . d | d
Lo erectri oal SRR %g-ﬁsmaﬁﬂa B feihation AErHER! AL EhES sholif HIBW R4 ©
The  upstrbamasteymas tarhaversubs s'é'@ saa}nejsever@ggraaﬂa wrhilecprayiding 20
In typical COﬂ{d héé:h@'i'&dm hePhci W@ Entchinab CatTBAL| Bide RRAHWGE 0 obtain

_eI ectric al cQ 16 1 ad -_201.
i ucdRRsRl i oAt RS R Frabtotelibidr Slktert o h, £ M Radcifiuar

S| gnal semerat &g antennas having|relatively daggeaepvierags Rgay, germallbcmur e

enbodyi ng t hegr @sdd o 3evetdEthiled) are gwceae&t Bhé bakh &t

et O e SR g 3 B S Ww’?’” .

i s base st ati and4ndependence . in fadings adenated akove) ¢ achigvauihec fitl d?imﬁ it wor k
with publ 15 Swon¢path dxversxtfleaahmeeﬂaets A i SiphihiteBP dembdatiited beforeahe

st at 44 B

di vision mi 1f u@ LS i sﬁﬂm?id N i
ot her over headessﬂfg nEhe dﬂmQﬂﬂ%ﬁl@ pragess bﬁlpéﬂoﬂﬁe in h Gcﬁeﬁnsni‘ésam thek.
Base station gfesthtinPértionetvd Gepirate yedeidvd isfhaly are transported from each

RAD back to headend 40, one corresponding to each of antennas 100 and 126
20 referred to respectively as the alpha and beta signal paths. The upstream
signaling in the cable plant thus requires approximately twice the bandwidth
that is required by the downstream signaling.
From antenna 100, the alpha receive signal enters controllable
attenuator 102 and from antenna 126 the beta receive signal enters
25 controllable attenuator 128. Although the placement of controllable
attenuators 102 and 128 directly after antennas 100 and 126 seems counter-
intuitive, controllable attenuators 102 and 128 serve two important
functions. In order for the signal demodulated at headend 40 to be properly
combined, the relative signal levels of each signal to be combined must be
30 known so that the signal can be properly weighted for combination with the
others. Because only one upstream gain reference signal is generated to
facilitate this process from each RAD, the upstream gain reference signal is
used to indicate the relative level of both of the two received signals from a
single RAD. Thus the two paths must be balanced in that they both provide
35 the same receive performance (noise figure and gain) to the signals they
receive. Controllable attenuators 102 and 128 may be used to calibrate the
alpha and beta paths.

(LZ?'(.!




combi nation of the reverse link CDVA call signal and overhead signals as
received on the upstreamlink. Base station 44 is explained in greater

detail 35 subsequently hereéin. As noted above, the downstream
'CATV plant typically carries T.W. ~signals in a frequency band of 54
MHz - 550 MHzwdenmesmsr . t he downstream WD 97/ 296861/US97/01876
PCT/ US97/ 01876 18 CATV pl ant
i s capabl e of providing conmunication of signals up to 700 MHz. Sone
very new systens are capable of operati o022 up to 850MHz. In those ol der
systenms that run only to 350 to 450 MHz, several T.V. may - need to be

cleared for use in by the PCS. In the preferred enbodi nent of the 5
present inventi oriThe ec@Bhpurposmmof ¢antrallable rattenuatersc 302 jand |1ﬂsti§eﬂ!>50
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i & an
The forward B}en% kTN RTSSa gfs‘faéﬁbgﬂg ?Esuﬁ?f'e e%{
signal s f rorrtoTnédghbenngMD&A Blgssonmimgr istthe ﬁ'ﬂmeesfswy/\mﬁuﬂ't M:Dmadded
Through the Thiiiavad gt UBPEAIR. | | RAD ade gg“?i%‘ Jonirts hanals
subsequent | yaﬂ%‘f“&ﬂq{m 3}180%9111“?1‘&??%‘%"%5 fﬂ? f fﬁféﬁ"a‘efs? PEORESRAES:

signal s are Bbth adathingtawhdldssonming (hADlirg)/A vaﬁ@ty MDsn@mékneﬁthtmn

radi ate the I
associ at ed WL?{%X\Q&S% drEo d %Agsq:l»g%? 5%"&%%%%213; g{ \c?r?g&%tﬁgﬁ% engt h
of el ectricaP54&B12% andRA 8704 with fiber node 20A typically with a spacing

gf 1%00 - 15mxf| edthihheachopathy, dhélmkexﬁé)l\d&gmlgisadm lified pays londl nidiseugh

i - ir r ﬁﬁécpg}:SOA -
501, ob\gfﬁ‘ lﬁi&,lﬁq}t‘i %é& ?gégd?-'gllﬁﬁa dl %g%sq S%I(EY&%E% rovi de may
be radi ated MEJUEREHDE BHXeL] S%F“}Shét ﬂxssrarre @msr's}g

area. As suclegardlessef the freqhen«y bemg mhwedbjsauemm 100 ahdf126candidbe 20A
I's undergr Ou@t‘fquw uS@ft6 transmit the signal from the RAD to headend 40 over the
15 cable plant. Mixers 106 and 132 are driven by PLL 118 which produces a
frequency as programmed by RAD microprocessor 88 and with reference to
RAD reference signal (connections not shown for clarity.) .
The output of mixers 106 and 132 is bandpass filtered by filters 108
and 134 respectively to reject unwanted frequencies. Time delay units 110
20 and 136 may be fixed, field replaceable or controllable delay provisions. A
need may arise to provide delay in the receive chain if, for instance, the two
signal paths from each antennas 100 and 126 are combined or if the signals
" are combined with signals from. other RADs in the cable plant. For more -
information see the above-mention U.S. Patent No. 5,280,472 and U.S.
25 Patent Application Serial No. 08/112,392.

Mixer 112 converts the alpha signal to the proper frequency for
transmission over the cable plant using a mixing signal provided by PLL 120.
Mixer 138 converts the beta signal to the proper frequency for transmission
over the cable plant using a mixing signal provided by PLL122. PLLs 120

30 and 122 are programmed by RAD microprocessor 88 and referenced to RAD
reference signal (connections not shown for clarity.) Summer 144 sums
together on a common output the alpha and beta signals and the upstream
gain reference signal. Gain control 146 adjusts the gain of the combined
signal and amplifier 148 amplifies the combined signal. Coupler 150 couples

35 the combined signal onto the cable plant.

In FIG. 4 RAD microprocessor 88 is shown again for clarity. In the
preferred embodiment RAD microprocessor 88 is a single processing unit



501 may be installed at one or nore of destinations 24A - 241. For exanple,
even if the electrical cable is underground, the cable energes fromthe
‘ground to connect to the physical structure associated with each
destination. 25 RADs 50A - 501 may be installed on the roof to g of a

resi dence. |f MYR972908 o| octrical cable associated with fiber S93491476
‘above ground, RADs 50A - 50I may be placed anywhere along the cable
itself or with one of the poles supporting the electrical cable.

As noted above the upstream|ink operat esebver the frequency range 30 of 5
- 40 MHz. The reverse |link CDVMA system operates npst advant ageousl y

f th di t t t h..of 50A
501 has. two dMAarOIdeseattial’ SFe RRUE S oRceiye, 6P tERSi partions O The
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si gnal COWﬁEﬁEE? ﬁg“}%m"&‘%"g%ﬂ £ilidvagheadend processor 40. Base

station 44 out celyes si g to and from PSTN
As noted Move, onPPeHSEMY ZAIn Fefrrence, SignabrgRneraian, Mo2aPrev & asR&‘t’%rm is
t he power contumdrobinénbiahlsrinefoi'ahmmncﬁachmmdanskutsl a qlnshngmshabbart
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In contragh, e vl RAY hiRASKE iS4 ikcashdiCd&rBldePower 3k1 RbDkhe
signal it provides to the cable plant. As noted above, the cable plant
provides a gain that can change significantly over time. The gain of the
cable plant and variation over time is different for different frequencies.
Each RAD needs to have an upstream gain reference signal which is

20 distinguishable at headend 40 even if the signals it generates are combined
with the signals from other RADs. More details about the operation of the
upstream gain reference signal are given below.

As noted above, a typical cellular system is comprised of a plurality of
spaced apart base stations each having a set of associated collocated antennas.

25 A typical cellular base station may be comprised of three or more sectors.
The sectors are subdivisions of the base station that are intimately related.
Each sector transmits a different set of signals than the set of signals
transmitted by every other sector in the base station. Because the sector
circuitry is collocated, it may be easily shared and interconnected between

30 the sectors. The antenna pattern of a typical three sectored base station is
shown in FIG.5. In FIG. 5 coverage area 300A is represented by the finest
width line. Coverage area 300B is represented by the medium width line.
Coverage area 300C is represented by the heaviest line. The shape of the
three coverage areas shown in FIG. 5 is the shape produced by standard

35 directional dipole antennas. The edges of the coverage areas can be thought
of as the location at which a remote unit receives the minimum signal level
necessary to support communication through that sector. As a remote unit



50A - 501 can be located many mles apart. Also, a quick glance at FIG 2
shows that the path between each individual RAD 50A - 501 to base station
44 is different. In addition to the fixed physical differences between the
15 paths, the gain of the CATV plant varies considerably over time such as
in r espoWEX9728608he wi de range of tenperatures over whi chPCIHESTPETEM
nmust “work. The CATV plant also is subjected to a variety of dynam c

i ngress signals. Ingress signals are unwanted signals which enter the
cable plant. A mul titude of ingress2&ignals are created in the urban
envi ronment such as 20 from other comruni cations system (such as | ocal

T.V. systens, commerci al -~ broadcast radio systens, Citizen Band Radi 0s)
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of the RAD rﬁ{e?aeae&rélc %tqg%lheasrégmggstream gain referencé signal are

expl ai ned ex ( Bef ore expl ai ni ng the power control
conmpensall on mechéni digtributest amterma uscanfigvration heisst desdrilred oin t htheRADs
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15 example, a distributed antenna can be used to provide a signal down the
length of a sidewalk between two very tall buildings. The distributed
antenna can easily provide coverage around corners where a standard base
station coverage, such as the one shown in FIG 5, is blocked by large
buildings. .

20 A distributed antenna system can be used to provide coverage to a
concentrated rather than elongated coverage area. For example, FIG. 6
shows a set of distributed antennas 306A - 306] which provide coverage

* area 3D5A - 305] respectively. A distributed antenna system is typically used
in conjunction with a single sector of a base station. Thus each of

25 distributed antennas 306A - 306] transmits the same group of signals. Even
when delay elements are used between the antennas, each of distributed
antennas 306A - 306] provides the same set of signals. In addition to the
great flexibility of the coverage area shape, distributed antennas have the
advantage of providing relatively constant signal power to the remote units

30 within their coverage areas. Thus the remote units are able to avoid
transmitting at very high transmits levels which rapidly consume battery
power.

In the distributed antenna arrangement of FIG. 6, as a remote unit
moves between coverage area 305A - 305], neither the base station nor the

35 remote unit performs any sort of handoff. The signals which are
communicated through more than one of distributed antennas 306A - 306]
appear to both the base station and the remote unit as multipath




signal fromthe electrical cable. Splitter 62 divides the incom ng signal

SO that it can be used by two different processing el enents. RAD
reference si gnal processor 84 extracts the RAD reference signal from
the variety of 5 signals present -on the electrical cable. The RAD
reference si gnAVORHY ¥ ce purposes: to act as a channel gRGI/USI701876
reference, to act as a reference for the frequency synthesizers, and to
transmt control data to the RAD. Each of _ t hese functions is detail ed
bel ow. RAD reference signal processor 84 éXtracts t he frequency

reference signal fromthe RAD reference signal and provi des 10 it to phase

| ock | oops (PLL) 64 .and 6 refe =n e Si ro 84 aI
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- processing 346 provides the filtered d1g1tal bits to demodulation

elements 350A - 350N.

25 Demodulation elements 316A - 316N are controlled by controller 318
through interconnection 320. Controller 318 assigns demodulation
elements 316A - 316N to one of the instances of information signal from the
same remote unit as perceived by base station 362. . The distinct instances of
the signal may be created due to the multipath characteristics of the

30 environment. Demodulation  elements 316A - 316N produce data
bits 322A - 322N that are combined in symbol combiner 324. The output of
symbol combiner 324 may be aggregate soft decision data suitable for Viterbi
decoding. The combined data is decoded by decoder 314 and output as
Messagel and passed to cellular or personal communications system

35 controller 370.

A power adjustment command from base station 362 for the remote
unit is created by controller 318 from the combined signal strength of all the
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21 over antenna 80. The coupl ed power from coupler 78 is nmeasured by
power detector 90 and the result is reported back to RAD m croprocessor
88. FIG 4 shows the reverse link signal processing structure of
an exenpmas 97286 | ncor porating the preferred enbodi ment pdwEUSI0I87EN
FIG 4, 5 antennas 100 and 126 are each associated with this RAD. Using

t wo col | ocat ed antennas pl aced sone di stance apart at each RAD
introduces desirable diversity. Theéseparation between the antennas
shoul d all ow t he two antennas to have substantially the sane coverage
area while providing I ndependent fadin Pl aci ng two antennas at one
base st at i onsignalebt adempdulateder sibyy i sleumtgﬂnhpnact ielementsf6Acc316N ar
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20 ref er r edsyYmbeleosakines, 340 may bepggaegate salt fasision daksiitaple for Vitegbi
upstreamo de I |'rl@ |cbntﬁiﬁe¢adﬂta 1p|d?éi:*odéﬂl1§' decpder 3422 and Coutpat cas/
tw ce the ba e 1d m?‘; n

From antenna recel ve sﬁén%l t{ég{raas gon ro ,ﬁ%gtﬁhg @g@&
att enuat or l'f37(9m antenna 126 the beta receive signal enters 25

control | abl e at t eAupbwier Bjustndérithcompimdrite fpt ahenmemtote§ undintis aireated cby

at t enuat or fC ter-
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conbi ned, the aseﬂﬁet%ﬂ e:sc@mdﬂ Maxmi te thé tsingmit cirouitey Grottshoyen)rokt be

30 known sobm 384 Wi rgﬁg fo BLORGhSe Wt ght ed for combination with
;gﬁer at edot (r)\er > %?r?olésu‘iatlon elements %DrAe 350K Qrerc%];go?lne%ebysk er%Lller 352
through interconnection 354. Controller 352 assigns demodulation
20 elements 350A - 350N to one of the instances of information signals from
the same remote unit as perceived by base station 368. Demodulation
elements 350A - 350N produce data bits 356A - 356N that are combined in
" symbol combiner 358. The output of symbol combiner may be aggregate soft
decision data suitable for Viterbi decoding. The combined data is decoded by
25 decoder 360 and the output as Message 3 and passed to cellular or personal
communications system controller 370.

A power adjustment command for the remote unit is created by
controller 352 from the estimated signal strengths of all the signals
demodulated by demodulation elements 350A - 350N. Controller 352 can

30 pass the power control information to the transmit circuitry (not shown) of
base station 368 to be relayed to the remote unit.

For each remote unit operating in soft handoff in the system, cellular
or personal communication system controller 370 receives decoded data
from at least two base stations. For example, in FIG. 7 cellular or personal

35 communications system controller 370 receives decoded data in the form of
Messages 1, 2, and 3 from the common remote unit from base
stations 362, 364, and 368 respectively. The decoded data cannot be combined
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stations 362, 364, and 368 to system controller 370 is that the demodulahon
process produces data at a very high rate. A large block of data is used in the
decoding process to produce the decoded symbol. The ratio of the amount of
data necessary to decode a data symbol and the amount of data to specify a
decoded symbol and quality index can be as high as 1000 to 1. In addition to
the complexity, the inherent delay of transporting such large amounts of
data is prohibitive unless a very high speed link is used. Thus the
interconnection system between the hundreds of base stations in the system
(most of which are not shown in FIG. 7) and system controller 370 is greatly
simplified by sending only the decoded data and quality indications instead
of the undecoded data suitable for combination.

Aside from the complexity of transmitting the large amount of data
associated with combined but undecoded data, the cost is also prohibitive.
Typically the base stations of a system are remotely located from the system
controller. The path from the base stations to the system control typically
comprises a leased line such as a T1 interface line. The cost of these lines is
largely determined by the amount of data that they carry. Thus increasing
the amount of data that is transmitted from the base stations to the system
controller can be cost prohibitive as well as technically difficult.

In a less than optimal system the selection method of soft handoff
described with respect to FIG. 7 could be directly applied to a sectorized base
station by treating each sector of a common base station as a separate,
independent base station. Each sector of the base station could combine and
decode muiltipath signals from a common remote unit. The decoded data
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need may arise to provide delay in the receive chain if, for instance, the
t wo signal paths from each antennas 100 and 126 are conbined or if the
signal s are conbined with signals fromother RADs in the cable plant.
For nore i nformati on see the above-nention U.S. Patent No. 5,280,472
and U S. 25 websrgsos\ppl ication Serial No. 08/112, 392. PCT/USOMM1826 112
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clock signal forIn agh of amt is, the-receivg antenga Hfor oze
upst r eanpgaisectos fadide each of @iteinas PBE0XF2B0CNislfie tidABMIt ant@uee dos@neB88 can

LT erence. siOngr g 222K it fdenip 2808 fodimplii i Soltatt Lo¥eime e
the RAD fir ez cabdyan ideglly\ohave hdhgyt53me opMERRaxPALMcan kYR a
cl ock and r efrtemnas222B/ and 280Bg larkbcirteriagpi 2220 and i230€ earresporat hiceved.
common coverage areas respectfully. FIG. 8 represents a typical base station
15 in that antennas 222A - 222C have overlapping coverage areas such that a
single remote unit signal may be present at more than one antenna at a
time. Antennas 222A - 222C may provide antenna patterns as shown in FIG.
5 or one or more of antennas 222A - 222C may be distributed antennas.
Referring again to FIG. 8, antennas 222A, 222B, and 222C supply the
20 received signal to receive processings 224A, 224B, and 224C respectively.
Receive processings 224A, 224B, and 224C process the RF signal and convert
the signal to digital bits. Receive processings 224A, 224B, and 224C may filter
“the digital bits and provide the resulting digital bits to interface port 226.
Interface port 226 may connect any of the three incoming signal paths to any
25 of the demodulation elements204A - 204N under the control of
controller 200 through interconnection 212.
Demodulation elements 204A - 204N are controlled by controller 200
through interconnection 212. Controller 200 assigns demodulation
elements 204A - 204N to one of the instances of information signals from a
30 single remote unit from any one of the sectors. Demodulation
elements 204A - 204N pi'oduce data bits 220A - 220N each representing an
estimate of the data from the single remote unit. Data bits 220A - 220N are
combined in symbol combiner 208 to produce a single estimate of the data
from the remote unit. The output of symbol combiner 208 may be aggregate
35 soft decision data suitable for Viterbi decoding. The combined symbols are
passed to decoder 228. '



10 Upstream gain reference signal generation 152 provides a power
control nechanismfor the RAD. Each RAD transmts a distinguishable
upstream gai n reference signal back to headend 40 where the signal is

nmeasured and conpared to the other upstreamgain reference sigpal | %‘E
received. Head@%"’ﬂ?“@an send a nessage via the RAD reference g&w&%ﬁ 15
the individual RAD directing it to increase or decrease power |evel of the
signal it provides to the cable plant. izélot ed above, the cable plant

provides a gain that can change significafitly over tinme. The gain of the
cable plant and variation over time is different for different frequencies.

Each RAD needs to have str ai ef C 115 g{gg
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rel at ed. ﬁ f‘i transmts a different set of signal s than the set
of signals tocpRiEp %4 by every other sector in the base station.
Because t he sect or Notice that symbol combineér 208atamdcornbineasignalsefrom justhened
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that is communicating through more than one sector, the remote unit is in
softer handoff. The base station may send the output of decoder 228 to a
cellular or personal communication system controller. At the cellular or
20 personal communication system controller, signals from this base station
and from other base stations corresponding to the remote unit may be used
to produce a single output using the selection process described above.
The transmit process shown in FIG. 8 receives a message for a remote
unit from the end user through the cellular or personal communication
25 system controller. The message can be sent on one or more of
antennas 230A - 230C. Interface port236 connects the message for the
remote unit to one of more of modulation elements 234A - 234C as set by
controller 200. Modulation elements 234A - 234C modulate the message for
the remote unit with the appropriate PN code. The modulated data from
30 modulation elements 234A - 234C is passed to transmit
processing 232A - 232C respectively. Transmits processings 232A - 232C
convert the message to an RF frequency and transmit the signal at an
appropriate signal level through antennas 230A - 230C respectively. Notice
that interface port 236 and interface port 226 operate independently in that
35 receiving a signal from a particular remote unit through one of
antennas 222A - 222C does not necessarily mean that the corresponding
transmit antenna 230A - 230C is transmitting a signal to the particular




noves into the sector, the signal strength received fromthe base station
as perceived by the renote unit increases. Arenote unit at point 302
may comuni cate t hrough sector 300A. A renote unit at point 303 may
conmmuni cate through sector 300A and sector. 300B. A renote unit at 5 point
305 communi cawese72beo8ugh sector 300B. As a renpte unit noves HUTAIS97/01876 t he
edge of the sector, communication through that sector may degrade. A
renote unit operating in soft handoff node between the base station in
FIG 5 and an unshown nei ghbori ng base s3(ation is likely to be | ocated near
t he edge of one of the sectors. 10 A distributed antenna
configuration is described in the above-nentioned U S. Patent No.
5, 280, 472. |nemadte unit cAlso notettbat thespower ¢ontrol commang sert2thpouginteach
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antenna can easl | r e cqverage ground conmers where a sta ase
station cov&%@?ggeg?ﬁe‘ggﬁﬁzr”ﬂﬁ@%s@mﬁ n FIG5, is blocked by |arge
bui | di ngs. 20 Note tha idcreased flexibilitytafrthe bayes station aesdurcess dComparingvi de
coverage to wa cgqﬁ_eg,tﬂﬁ,t e tglfﬁﬁ EAONGAL r For
exanmpl e, FI C?‘GG ° 1% 2(%5% 0 EI;SS ibtﬁt ed g?nt g%ﬁ?:gog -%S%Tswhi ch
provi de coveieRgesented in, k. pose that F@%ep%eflpv 62 is hegydly  Jogded with: enna
system i ¥ t ygignals Isuchishat the number of inoumbingrsigmals imgreatey| than ¢he numbera base
station. Th aéﬁul%q%at?én dleflentd ﬂ%ﬁﬁk{ﬂéﬂ”@&&@ﬁmﬁ%& 426 Tl %is' he
sane group of. stb?na %tq' Ev r}m eﬁle e e emint s are used between the
antennas, eas$Piy¥ lopded ppdihag unuse Emfﬁéa%%/s emepts) does, oy cAd; bases ane
set of si gnastatioh 362ddntFIG8, thowdwer, each demadulationielérheritymay belussipmedr age
area shape, g 4y bheidh Sf B&¥6rs!ihGs allowiRBVANAH6n Ut %&8&4 '
rel ati ve{ c nst}famt Sﬁﬁ\ﬁ&gﬁ% r to ‘?ﬁe renote. ugi ts 30 \?ét I'n t‘%gintrg
cover agelir € Mopf ey BABESeEtRTts are able to avoid transmtting
at very high trarnthesptesent inventivin rthesedisyordy maeneentmlized pase statipovdr .
moves. bet ey oy A0 CHTIE, 207 CRUEAN, e ciripd latip kTGS M bystem 1,
35" T emot e UEY Bcrartdared g bednrimatelr 4siad in the e diraner oh the sepiars
conmmuni cat edof brstagdamb systeman Sigrals ffroins anybBAEH may drenaembired -befare)
appear  tgp bojeddifig RARE adighd1CRoR dnlyGihef TRAD HHiis! psviding! kR dhiproved
system performance. In the most ideal configuration the process of selection
is eliminated and softer handoff may be provided over the entire coverage
" area of the system. Note that in the interest of simplified architecture, it
may be advantageous to limit the interconnectivity between the
25 demodulation elements and use selection to combine some signals some of
the time.

In addition to the great benefits of providing softer handoff
throughout the system, the extreme flexibility of such a system makes it
simple to begin initial deployment of a system and to reconfigure the system

30 to adapt to changes in the system. The flexibility comes from the fact that in
a system as described herein, each RAD can operate either as a node of a
distributed antenna or an independent sector and the role of the RAD may
be changed simply, quickly, and remotely by headend 40.

FIG. 9A is an exemplary spectral distribution on the downstream cable

35 plant link. Because traditional television channels on the cable plant are
allotted 6 MHz of bandwidth, the forward link signaling uses 6 MHz
frequency blocks in the preferred embodiment. Also, a typical base station is
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25 propagati ons and are di scovered, denodul ated, and conbined in the
same. manner as naturally occurring multipath propagations.
FIG 7 illustrates an exenplary enbodi nent of a standard cellul ar

syst em showi ng WRPHEW6E ngl e sectored base stations 362, 364, aRGTRSEOIEH 5
FIG 7, each of antennas 310, 326, and 344 is the receive antenna for base
station 362, 364, or 368 respectively. Base stations 362, 364, and 368 are
in close proximity to one another and3dntennas 310, 326, and 344 have
over | appi ng coverage areas such that a single renote unit signal may be in

soft handoff with all three base stgiions at one ti Any.. one o]
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a diversit§ 1EDMA wageforhi forsth& sediensris ishoinG I/ therprefe?fed ¥mbodiment
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Denodul at i on mmpgﬁsd’@ﬁﬂ%mnﬁ é@@tés @’é@mPlafY RAD shown in FIG.
4. Therefore a larger allocation of upstream bandwidth is needed to service
the three sectors. In the exemplary configuration shown in FIG. 9B, 13 MHz
is allocated as shown with a portion of the spectrum allocated for the RAD
20 unique upstream gain reference signal.

As apparent from FIGS. 9A and 9B, the sector signals are frequency
multiplexed onto the cablee. A RAD can be commanded via the RAD
reference signal to tune its PLLs such that the sector 1 frequency is
transmitted from the RAD and such that the RAD supplies its received

25 signal to the sector one-alpha and sector one-beta frequencies. A second
RAD having a contiguous coverage area can be commanded to transmit and
receive sector 1 as well. Thus the second RAD behaves as if it were another
antenna with the first RAD in a distributed antenna configuration. This is
true whether or not the first and second RADs are connected to the same or

30 different fiber nodes (for example fiber nodes 20A - 201 of FIG. 2). In this case
a remote unit passing from the coverage area of the first RAD to the
coverage area of the second RAD does not perform a handoff at all. Both the
remote unit and base station processing perceive the change in coverage
areas as simply the creation of a new multipath propagation.

35 Alternatively the second RAD can be commanded via the RAD
reference signal to tune its PLLs such that the sector 2 frequency is
transmitted from the RAD and such that the RAD supplies its received




bits 322A - 322N that are conbined in synbol combiner 324. The output of
synbol conbi ner 324 may be aggregate soft decision data suitable for

Vi t er bi decodi ng. The conbi ned data is decoded by decoder 314 and

out put as Message 1 and passed to cellular or personal comrunications
system 35 cowowbes 370. A power adjustnment commpegussmiziease
station 362 for the renpote unit is created by controller 318 fromthe
conbi ned signal strength of all the WO 97/ 29608

PCT/ US97/ 01876 32 26 signal s
denodul at ed by denodul ati on el ements 316A - 316N. Control |l er
318 can pass the power control information to the transmt circuitry

(not shown) signdlas ¢he sectontwdlphaaruksectortventbeta frequereiest dnithist case, as
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synbol conbl n W&&gﬁ%@\%% aﬁ&?%&gtteié%sag\?%fm Si oénlﬂgaeta Sui @%f%“& #‘
Viterbi 10 S@ ern At Reagaived thecsammg Bpmycthegempde unit

out put as perbpa:ﬁw@e 2 and passed to cellular or personal communications

system contr dj mant nmand for .t he
remote unit is creaf egq'ggsﬁatesc%x}\te?‘ewwv@?? lng{ q?ﬁg&q%?%df‘
strength of aarpprqaﬁ'eeéwgha#\s Rrssenfeinsentione d Ipyparsieular ﬂGoﬂOeﬂhemnmSQ%A -
332N.  Cat r Githtten 334fFG. 2 in deail. fBieeFéWn 20 RédeiVes rmmpa ﬁealtihe

el ki i SR 0 5 e B ot T
control | er Fptical to elachdcal signal @Ws 184 - 188 may contain| $l§flaESfErM gns
denodul at i orone of K different sectors supported by base station 44. Dual bank of
downconverters 410A - 410N is coupled to optical to electrical signal
15 converters 18A - 181 via interconnection 414. The dual nature of the
downconverters 410A - 410N reflects the fact that the fiber strands may
contain both an alpha and a beta diversity reception. If there are some RADs
that do not provide diversity reception, some of the downconverters need
not be dual in nature. In the most general case, interconnection 414 is
20 capable of connecting any one of optical to electrical signal
converters 18A - 18I to any one of dual bank of downconverters 410A - 410N
and may be capable of combining signals from two or more of optical to
" electrical signal converters 18A - 18I.
With reference to FIG. 9B, it is easy to see that to downconvert each
25 signal from each incoming sector to a common IF frequency there is not a
one to one correspondence between downconverters and optical to electrical
signal converters. For example if optical to electrical signal converter 18A
provides only the signals corresponding to the three sectors shown in
FIG. 9B, there must be six different downconverters - one corresponding to
30 each of sectors 1-alpha, 1-beta, 2-alpha, 2-beta, 3-alpha, and 3-beta - receiving
a signal from optical to electrical signal converter 18A. In the preferred
embodiment, if optical to electrical signal converter 18A and optical to
electrical signal converter 18B each carries signals corresponding to
sector 1-alpha at the same frequency, those signals could be combined in
35 interconnection 414 before downconversion.
In the most general case, the fact that a given sector of the K different
sectors supported by base station 44 is carried at a first frequency on a first



20 elenments 350A - 350N to one of the instances of information si gnal S
from the sane renpte unit as perceived by base station 368.

Denodul ati on el enents 350A - 350N produce data bits 356A - 356N t hat
are conbined in 960!?/n’nol conbi ner 358. The out put of synbol conbi ner may
be aggregate sO¥P?729608 geci sion data suitable for Viterbi decoBFRYSIH3Igrs
conbi ned data is decoded by 25 decoder 360 and the output as Message 3 and
passed to cellular or personal comuni cati ons system controller 370.

A power adjustnment conmmand for the remote3dinit i s created by

controller 352 fromthe estimated signal strengths of all the signals
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sel ection process asi s an
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ups gam re erence signal %rocessors 412A - 412M. Interconnection 414

also provides interconnection between the upstream gain reference signal
(as exemplary shown in FIG 9B) from optical to electrical signal
converters 18A - 181 to upstream gain reference  signal

20  processors 412A - 412M. The upstream gain reference signal from each RAD
must still be separately analyzed at base station 44 and thus the number of
upstream gain reference signal processors (M) is not set by the number of
dual downconverters (N). In the preferred embodiment, the upstream gain
reference signal need only be monitored at intervals rather than

25 continually. For example each wupstream gain reference signal
processors 412A - 412M could be assigned to monitor up to 12 different
upstream gain reference signals at one time by sequentially measuring the
power level in each. In such a case, the actual number of upstream gain
reference signal processors (M) can be lowered.

30 Upstream gain reference signal processors 412A - 412M measure the
amplitude of the upstream gain reference signal of each RAD. The
measurement of the upstream gain reference signal provides an estimate of
the relative amplitudes of the upstream signals. The result of the
measurements is reported to cable plant communication controller 430 over

35 interconnection 408. A message is sent back via the RAD reference signal to

~ the corresponding RAD commanding the RAD to increase or decrease the
level of the upstream signals it provides. Thus the relative signal levels




of the present invention. The reason why the conbi ned but
undecoded data output from synbol conbiners 324, 340, and 358 is not
sent respectively from base stations 362, 364, and 368 to system
controller 370 is that the denodul ation 15 process produces data at a very
high rate. A Iwog®%b®rck of data is used in the decodi ng ppTWSEREL160
produce fhe decoded synbol. The ratio of the anmount of dat a necessary
to decode a data synbol and the amount of data to specify a decoded
synbol and quality index can be as high 8 1000 to 1. In addition to

the conplexity, the inherent delay of transporting such |arge amounts of 20
data is prohibitive unless _a very high speed |link is used. Thus the
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28 ?g is inherently tolerant of the adverse effects of even relatively large jammers
injected in the wireless environment and ingress signals injected in the
cable plant due to both the broadband nature of the information signal and
the reverse link power control mechanisms employed in the system. The
reverse link power control mechanism controls the reverse link signal to a
20 very limited dynamic range as received by the RADs. Each remote
communication unit adjusts its transmit power so that the RAD receives
the remote unit signal at the same level regardless of the distance between
" the remote unit and the RAD. Because the reverse link power has a
relatively low dynamic range, the upstream cable plant signal can have a
25 consistently high power level operating point within the cable plant thus
providing consistent advantages over lower power level ingress signals.
However, it is also important that the operating point of the uplink
remain low enough so as to not overload the electrical to optical converters
and other devices in the path. The operating point of the reverse link
30 upstream signals must also be low enough so as to not cause degradation to
the other upstream cable plant signals such as "pay-per-view"” indication
" signaling coming from the cable T.V. subscribers. Thus headend 40 must
also address the absolute level of the upstream signals on the cable plant.
Using the architecture shown in FIG. 10, numerous methods exists by
35 which the absolute level can be controlled. Remember that the upstream
gain reference signal reaches headend 40 at the same level regardless of the
actual signal level received from the corresponding RAD. Therefore .




could be sent directly to the cellular or personal comunication system:
controller by each sector of the base station or it could be conpared and
selected at the base station and the result sent to the cellular or

per sonal comuni cation systemcontroller. But a nmuch nore advant ageous
nethod 5 of h3¥RIPVAEPhandoff between sectors of a conmon base PSEASP

to use sof ter handoff as described in the above-nentioned U S. Patent
Application Serial No. 08/144,903. Grcuitry for providing softer
handoff is described in conj uncti on wePh FIG 8. In FIG 8,
each of antennas 222A - 222C is the receive antenna for one 10 sector and
each of antennas_230A - 30C| the,tran t.antenna f tor.
Antenna 2224 ARAHHER Maethgd mgst é%r‘ﬁsggrﬁ’n‘ﬁ%f% QS %8%86% power. @85 and
can ideal |y hawthotlheis sdwveanteadma agtive crone ofi kelviale bank aof erdown222B
and 230B, and q@f&@&%&ﬁ&?&ﬁw tSQﬂ’aB a@l cbﬁlmumca%manﬁ%ﬁ@f 30

areas respectf pr esent bas station in
ant ennas 222AtH egésccéu C‘Fé’ grq:‘ﬁpsbg?ﬂjs eoﬁfév’ﬁgea IERAPTISA A eaeto, caﬁe

si ngl e rendt e plaritt corhgnalication bempoﬂeedm @an nonunarhhleadnmttermarease ar

time. Ant ennagy ’g‘%%@" | n FIG
5 or one or nore omagu%ﬁ%gﬁgslpiﬁ tCWr %g a gﬂgéggé’;gzgte 95?,2%?1
_Referrl ng agal n toiPf sobsummgey Sﬁ?ﬁf

recei ved signab 4 wotsponding onesef sl 2Bk &24ﬁtoxmtdi: @416: coretpaic (AGA)y .

Recei ve proceg%kglga?gézdﬁagz G HLAGKPEL |%48 miert

t he signal ece] ve proce I NQS A
filter t PEOHAg; ¥ enal t&r°%ﬁ§a“‘g8r%}¥ﬁhd%5 grifgs ﬁhﬁgm?lﬁreir—nm%m%\t
interface poridud2bank of downi esriverterp d10A22 610N putpuh analogreigdls twikichharee

e I8 S S B e

Denodul ati on éF‘éWﬁ‘S’“Q‘OﬁEOHVEU&N *&r%%ﬁi
t hrough i nt er (gatm echiroluni?s 206A ©d406Ko|Incord2pFonge gnalogetondigital converters

el ement s 364A 5 ANLIpeRRe ll anﬁpﬁttlﬂé p m& sr%; aﬁ%epﬂléa 80 3hs1dE @M a

singl e rer‘riot e a one ul at,i on

el ement's 204A DEBRLGENYEHETR: Bupht @m\fm BB GRptp
estimate of t fanctidmof thﬁmitxhbbanklgf eutcarmne gaini tontibal anhsuBGAZ-Cd%K BAME ar e

From the rempfaoges. Of §ilty HE oRad afaie fé%af %5 EB? o
soft deci sion CB&YS’%‘EHt%‘T‘eHP% @%%?t ('ﬂ’é%oﬁﬁ E BBWE n‘é‘EP gﬁblt?gg S-ar e
passed t o20ecdklterndtigely, the A/D converters can be located within modem 400.
Modem bank 400 is connected to dual bank of automatic gain control
units 406A - 406K through interconnection 404. Modem bank 400 houses a
plurality of digital shelves 402. Each digital shelf is comprised of a bank of
channel element modems. The channel element modems perform the
25 functions the demodulation elements (such as demodulation
~ elements204A - 204N of FIG. 8). In the most general case, each
demodulation element in modem bank 400 may be assigned to any one of
the sector signals coming from any one of dual bank of automatic gain
control units 406A - 406K.
30 FIG. 12 shows a partial block diagram of one of the channel element
modem in digital shelves 402 using the same numerology for like elements
as the elements of FIG. 8. The channel element modem shown in FIG.12 is
used to prbcess signals corresponding to one remote unit. In the most ideal
preferred embodiment, each one of demodulation elements 204A - 204N
35 may be assigned to demodulate one multipath signal from any one of dual
bank of automatic gain control wunits 406A - 406K through
interconnection 404. Thus more than one of demodulation
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29 Denodul ati on el enents 204A - 204N al so provi de several

out put control signals to controller 200 through interconnection 212.

The i nformati on passed to controller 200 includes an estimte of the

si gnal stwengedsonf t he signal assigned to a particul ar deordisSsabisen

el ement. Each 5 one of denodul ation el enents 204A - 204N neasures a signal
strength estimation of the signal that it is denodul ati ng and provi des
the estimation to controller 200. 36 Notice that synbol conbiner
208 can conbine signals fromjust one sector to produce an output or it

can conbi ne synbols frommnultiple sectors 10 as selected i; the interface

port 226. Aelements 204Acr204dNimay beoasaigred 4o the sametone iof thasik @®f 200
fromthe estaw@&\sdc %hﬁﬂéén’&élr@ﬂﬂé bosA Q6K # nrelthén one ﬁﬁm@hmltt {aAHgh

whi ch the signa .rece| ved Ier 200 [ wer control
i nf or mat.i on Wﬁ?&" di go é@ﬂﬁoaémg‘f O?I"i‘é‘t?ﬂgg

st ati on. Thmonw&hnsedﬂﬁA ﬂ@%eAb@mesmﬁademdmlemm 204 Ac- Mr 15
908 19 cOmpiih b Redigndd St U AifED oE) bf dual hank ol MRoRUIERO efiRTDI NEr
Ch oueh’ mor conhok MRA - aBei ff tis, Gomaie Wt signal i5 peing reSHN B, O QhBY |

The base st alistimct nymerged pathsdhrough ¢he debledulan®?Ndte that the asphitilofr or
personal corggui Ptdéh'?o&dl%iﬁ% %@é}héﬂis'@uf Al 2ol E C}S' LothBindd  ia0 syRoional

comuni cat i on ystem contr.o se statl and

(
from ot her 1@%%%%1&*8?#&5%4&3 9%9? pehigh of
to produade aiual tgink of aptdmatic ngaih hmrftaﬂe ut\its NAQ8A0 ¢ emGKj & supplying [thee.

The transm tse@{zﬂ i1V hd sk Gof fhe r?Fcfc'eXseéf %l@&?&?% Obrdvi

56t
unit fromt user .t hrough the cel ar or personal comrunication 25
system cont ov &9%e288 PE2-sent on one or nore of
ant ennas230A - 2XG. 12rdlsy shows pibwet ﬁﬁﬁhﬂmﬂmcpsrtidre aﬁamgﬁ ther chdrenel

i e SR agR i TEsa

pilot sequence before transmission. If the forward Link s1gnal created is to be
supplied from two RAD units operating in association with different pilot
signal offsets, the forward link signal needs to be created by two different
modulation elements. Modem bank controller 237 performs analogous

20 control functions through bus 237 to controller 200 of Fig. 8.
Interconnection 414, interconnection 404, interconnection 426, and
interconnection 408 ideally can connect any one of the inputs to any one of
"the outputs thereto. Especially in very large systems, actual practical
implementations may limit the interconnectivity for monetary, spatial, or
25 other practical reasons. For example, it may be advantageous to limit the
interconnectivity such that a first set of optical to electrical signal converters
can be coupled to a first set of downconverters but cannot be coupled to a
second set of downconverters. The connection configuration of
interconnection 414, interconnection 408, interconnection 426, and
30 interconnection 404 are dynamically controllable by cable plant
communication controller 430. (For clarity, some connections are not

shown in FIG. 10.)

The transmit signals are created in digital shelves 402. For each active
sector, a complete set of signals comprising the pilot channel, sync channel,
35 paging channels, and all traffic (ie. mobile specific communication)
channels are output from digital shelves 402 and input into
interconnection 404. Each sector signal output from modem bank 400 is




30 nodul ation el ements 234A - 234C is passed to transmt

processi ng232A- 232C respectively. Transmts processings 232A - 232C

convert the nessage to an RF frequency and transmt the signal at-an
appropriate signal |evel through antennas 230A - 230C respectively. Notice
that interface W8PT?%%5 and interface port 226 operate i ndepenBERUSY/O1§76
that 35 receiving a signal from a particular renote unit through one of
antennas 222A - 222C does not neccessarilg nmean -t hat the correspondi ng
transmt antenna 230A - 230C is transmttPng a signal to the particul ar
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be assigndl Sectof $I8BAS- one of a plurality of sectors thus al | owing
al l ocati on of resolf reant aitéﬁahtvheembeﬂidmﬂvhldﬁgitmhﬁedicsmt of. the desired

RN L (o s o B
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before 15 measured power level would be directly or indirectly reported to the

appropriate one of RAD reference generators 420A - 420L which would act

upon the measured value in the same way as it acts in the preferred

embodiment upon the digital indication of the desired transmit signal level.

If a single strand is providing three different sector signals to RADs

20 on the same strand as shown in FIG. 9A, three different digital indications of

the desired transmit signal level are sent to a single one of RAD reference

generators 420A - 420L. For each RAD monitoring the sector signal on this

strand, upstream power control information must also be provided. This

information is provided from cable plant communication controller 430 as

25 derived from upstream gain reference signal processors 412A - 412M.

Interconnection 426 must be capable of coupling output from a

plurality of upconverters 422A - 422P to one or more of electrical to optical

signal converters 16A - 16I. If multiple strands are transmitting the same

sector information carried in the cable plant at the same frequency, the same

30 upconverter can drive multiple electrical to optical  signal

converters 16A - 161. If the multiple sectors are transmitted on the same

strand as shown in FIG. 9A, more than one of upconverters 422A - 422P is

coupled to the same one of electrical to optical signal converters 16A - 16l.

Interconnection 426 also couples the corresponding RAD reference signal

35 from one of RAD reference generators 420A - 420L to each of electrical to

optical signal converters 16A - 161. If the RAD reference signal has sufficient

information bandwidth to provide power control and other control




20 decoding with a signal fromany other RAD thus providing an inproved
system performance. In the nost ideal configuration the process of

sel ection is elimnated and softer handoff may be provi ded over the
entire coverage area of the system Note that in the interest of
sinplified arwia27@3¢8re, it may be advantageous to |i m t PCHES97/01876
interconnectivity between the 25 denpdul ation el ements and use sel ection
to conbi ne sone signals sone of the tine. In addition to
the great benefits of providing softer (8ndoff t hroughout the system
the extreme flexibility of such a system nmakes it sinmple to begin

initial depl o%/ment of a systemand to reconfjgure the system 30 to adapt
to changes iintarmatiops mﬁmnmezﬁqumq sigealmayrheoepunled te aplurality; of

a system as dlggficalbas opeical Bi Cd&n%@eﬁﬁIBA)PQGBt cAletiftively 2 mﬁeemf a
di stributed enna or an | %y ent s c% [ ancg_}9 the rol e o{f thé“}%

be changed Ve’if&fzﬁl?f?‘a At 3553 ) even %G " 9A
is an exenplaxeyamying the smethslgndsodnmheh@Mtﬂ\emlaabfeeem sighaint
link. Beeausc%rﬁésadiﬂy Ofttitrdle igferfia®idnC ft%?f@henaﬁl gt hs &%&hemﬁ@to@ra\e

allotted bandw dth, the forward |ihk signhaling uses
frequency blstS ‘in the preferred enbodi nent. Al so, a typical base station
is \lGke the ago8ream link, the absolute level of the downstream link

E]FT{ ﬁrsggl 2 éggxﬁ?ts also be controlled. \ﬁatl rc]m?leet:l(t)vr\rn.'.r.'cr?arm T.V. ﬁ%-nalls o &QEH)E!I sed
equi prrent, #é’“r#égaﬁki? (@@Fﬁéﬁ:ﬂ? )\/\H € BYSFE ?fi %&Wg

sectors.10  sighali lme]sycumlrdybe)u'héucé& éopre nthat develr bpmppmsumtdlyr dﬁdBrtﬂe

al | ocati ons ensuré hliechnb! CEA drforthdrienis 13 srpAERABy fle EDMASgflling.
invention. It Fl t \@ veformfo thre sectors I s .shP

the preferred e rﬁ@ﬂ{‘ RFBVides; P 0Tt QPR

wi de for eaoéieeteicabsxgrml canverters 188 w181 mﬁlgtessprwsdréﬁAﬂhﬂefenmw

signal whi Chom é‘sgo §1AR describéd aBibelgyany one of the three
sectors AWf| can fej e¢ t he. ot her
CDVA wa or B a hb‘ﬁ’ée"’)lﬂemsrt&ﬁhgas&t %ﬂm S%F?‘T:r ent

| evel such tdimectbniwtht the BSTN eTypicgliyla centralized system controller provxdes-
: control over a set of base stations. For example, FIG. 7 shows, system
controller 370 providing the selection process for base stations 362, 364,
and 368. In the preferred embodiment the process of selection may be
20 eliminated but there are other functions of the centralized controller which
may now be delegated to headend 40. For example, a CDMA system
designed in accordance with the "Mobile Station-Base Station Compatibility
" Standard for Dual-Mode Wideband Spread Spectrum Cellular System,”
TIA/EIA /1S-95, generally referred to simply as IS-95 provides for voice data
25 which is vocoded into frames. System controller 370 provides the
conversion between the pulse code modulation (PCM) signaling used over

the PSTN and the vocoded frames used in the CDMA system.
In the preferred embodiment, the system provides for both voice and
data service operation from the remote units. The headend may also need
30 to provide various data service functions typically performed by a system
controller in a macrocellular system. The headend may also need to
perform the billing functions and other call processing functions usually
handled by the system controller. The headend may also comprise a switch

for switching calls between the CATV system and the PSTN.

35 A variety of architectures and function allocations are consistent with
the present invention. For example, the traditional functions of the system



transmtted over the wireless link to the renote units. FIG 9B
I's an exenplary spectral distribution on the upstream cable pl ant

link. The reverse link signaling is |less constrained by traditional
upstream spectrum frequency allocation. In the allocation showmn in 15 FIG
9B, it is assufEQOVHEE at | east sonme of the RADs are equi pped RCEfHSIN01876

al pha and beta diversity antennas such as the exenplary RAD shown in FIG

4. Therefore a larger allocation of upstream bandwi dth is needed to service
the three sectors. In the exenplary config8ration shown in FIG 9B, 13 M
Is allocated as shown with a portion of the spectrumallocated for the RAD
20 uni que upstreaﬁlslgai n refere

n Si | . As appaf.ent_ f
FIGs,9A and SRR itk peme Halegatrd tp 2 seprge systeny, SPRRANE AP A0S (e
cable. A RAD headérsd maprhertteatedias criecriseDeral base saﬁopmoéaéa'ngnasystm une its
PLLs such that thea3§ded abové B/RATY réference sigril'is Wséd ol tﬁf&%ﬁ?bﬁfﬁ% and
such t hat theg}@% S%?fgtl SM@ rgcel ved, 25, signal to the %gtteor one- SI pha
and sector one¥beta dﬁ% referenge sigpal is t FSQBVﬁXvé"%"’g HEakon, Lo
cover age abeathe RADeSeamda ittisdised asrafrequengnreference within the RadP.oThirdas
wel l. Thus t he,s RATH fefBARCL SRAAE S | &s A refPdrix %%m i th
the first RADQ?% a distri % S@Btgﬁe&iéﬁﬁt&grg i ow t|h§ ‘fas??@br?mt aue
whet her or not® (tREASIFedt f a dneC t pterence Signa), tag
di fferent fi bperfovoeall thoee Buatipns iSiibthe RAIDsrefdrénee gighabfis BhGamplitude
this case [ gg&_ssi ng fromthe coverage area of the first
RAD to the m@%%lié@ég}}lz s} of Lh .second oes not %%]f orm a hanpdof f
at all. BdPh the embRRiment ceagiR 183 SEHEM I Msignad Ust he
change i n covemaganique aduresss hisrenlity) iy i$ baly necessary that eacle RAD lassigned
pr opagati on. : hBAT RUED Vrdfdion cs@% aﬂnﬁﬁx daRage I a
t he RAD ng%lpgﬁgfﬁé%ﬁﬁﬁo#a re}ft S Efﬁlaz s&?ﬁgt %at t eecgect 0 %na
frequency is therefore the pddregses, reRsatad tiwgughent the (iystem sifb;ﬂ‘? es
its received most flexible desigDe9den28@0RAD addresses are remotely programmable
:PCT/ US97/ §587Grom by headend 40 but the address could also be fixed in’hardware. The
RAD signaling format can use a standard signaling format in which each
RAD monitors the RAD reference signal for its own address. When the
address transmitted on the RAD reference signal corresponds to the RAD
address or an universal address, the RAD decodes the following message
20 and acts upon it if necessary. If the address does not correspond to the RAD
address or an universal address, the RAD simply ignores the following
message but continues to monitor the RAD reference signal. The expected
signal rate required of the RAD reference signal is only about 300 bits per
second (bps) but a standard modem rate of 9.6 kilobps (kbps) or 19.2 kbps
25 could easily be used.

The second use of the RAD reference signal is as a frequency reference
for the PLL in the RAD. The RAD reference signal is also used as a
frequency reference for the RAD clock to synchronize the transfer of data.
As an AM modulated signal, the frequency of the signal remains constant
30 over time and the signal can be used almost directly as a reference. In
addition, to avoid amplitude and phase modulation distortion, the
modulation used should be fairly fast and have no DC content. A
modulation techniques, such as Split-Phase or Manchester modulation,
which provide an "M" shaped spectral densities can be used so that the

35 distortion is not located in close to the carrier.
The third use of the RAD reference signal is to approximate the gain
of the cable plant between headend 40 and each RAD. The amplitude



signal to the sector two-al pha and sector two-beta frequencies. In this

case, as a renote unit noves fromthe coverage area of the first RAD
to the coverage area of the second RAD, the renote unit perfornms a
handof f as descri bed above. Dependi ng on the base station

configurati on,wbdbmdggsse 5 station perforns a soft or softer pepdeé#nigh the
renote unit. Typically the soft and softer handoff are perceived the
same fromthe renote unit per specti ve. FIG 10 illustrates
an exenpl ary bl ock di agram of a base stagpon in accordance with the
present invention. In particular, FIG 10 shows base 10 station 44 of FIG
2 in detail. Base station 44 receives input fromoptical to el ectrical

si gnal conventozhddied- ﬂighall :tartheusm;hsgarmnphtmjasaefemrheaf the modplatioal to

el ectrical sj 2 S 1 n one
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a be
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downconverters negag notecl ir0 éiie backgvelind Bectidriabove, thé [powsrif the pégatase,

i nterconnecticon 4 n i cal
to electri cé? AAH“? éBMK ERA Faelﬁ{ecﬁg’gf ‘iﬁ% to any ngol?)]?};lang%bank of
downconvertelft!,nfllill_qlmOf thmmumber aﬂd Felative powees ef dhecsigmals whishgaze s

fromtwoigr eBnbiid epticatd tHeaggregate! fosiird hhk Sdigmell AEBVRfrt&@SrehS&\s 181.

Wth referenc B a, tQ S d t 25
& gnal 11 om SRt aRRYR, iwg@% ?ar? ﬁyatc%ﬁn%eﬁaf* fm‘evgﬁreﬁfé@%"‘%?& i o
one to one c&ARdipprersihe CQ!L*F thatcthe handoff baundaries semaino psopenly | cal
si gnal conveglj édb%@«re@xmlmné omtm&iodtanell spparatinl fori Greating cd\gald er

: ﬁA | FllorGO\” P tlﬁ&ic\éh{rg Es%rg ng:?olgﬁ%{ee?@?gzgg W{éﬁl %ﬁ%{\gﬁ( ¢ dﬁf‘zﬁfear fin ShOWN
cor r espod8@i n§)-8o Patente Applisationc Serial 1 Ng. pAB/525898; filed aqembez%bﬁ%'»
3-al pha, andedatifleda -"ARPARATUS ANDSi METHODM HOR caCONTRblcmNCCaI

Z: ggfﬂ“ ggrverg%yéconverp;r%y%t I cal MAEEH ecw C§l|'1 Sl gnal
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converter to thearssignge ek Rwrpresgntigventionseci or 1-al pha at
the sane frequenc¥Each hseetors iignthes systend hes mrrhndqmbnd@nBSaggmgmcsmt i on

" S R SR e by e s S Pl
station 44 idt Eapsmity. Jach mpdy a"%‘?’b(?i@i’ﬁé?t iFlr%l’te 2 generating a
signal outputs a dlgxtal signal which is added to the other indications output
" from modulation elements producing signal for the same sector. In this
way an aggregate transmit level indication, which may be created in
25 accordance with the just mentioned US. Patent Application Serial
No. 08/525,899, indicates the aggregate signal strength of each sector signal
modem bank 400 creates.
At the same time, the RAD reference signal is transmitted at a fixed
~ level by headend 40 at all times regardless of the desired output power. The
30 RAD reference signal can be used as a coarse estimate of the cable plant gain.
Referring again to FIG. 3, as the RAD is radiating power, the output power is
detected by power detector 90 and reported back to RAD microprocessor 88.
RAD microprocessor 88 compares the measured transmit power level with
the level indicted in digital form as received in the digital information on
35 the RAD reference signal. From the comparison a resultant difference
signal is produced representing the amount by which the output power
should be lowered or raised. This power control loop is executed with a first
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33 one of the fibers within the cable plant does not necessarily nean
t hat ot her fibers carry the sane sector at the first frequency. Thus
even in a system with as few as three sectors and with the ability to

conbi ne si gnal Q#7388  \ithin i nterconnection 414, nore t haRCHUSI?01876
two-to-one ratio between the 5 nunber of supported sectors (K) to the

nunber of downconverters in the dual bank (N) are required. For
exanple, if optical to electrical signal 41 converter I18A carries the set
of three sectors shown in FIG 9B centered about 12MHz and optical to

el ectrical si converter 18 arr.j,es,the se f ., three sectors own
in FIG 9B ce e %ad'lft gﬂﬁg" the dﬂ’?eéi eagtwi‘bc}‘ (fg\ﬁm«%’m%r fg?%r%gre
necessary to semmarels lage lrbcwd; ém:nr keadend 40 over Bhel RABhkefefence signal.
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el ectrical si gimaired converters 18A - 181 to upstream gain

r ef '

Cnal Trom each RAS e SREEASRRAD A desbetln 395 Sfiehing et pEWeECr e
44 and thd8 tH@nH'GHﬁ‘E‘PPadF is solmemteaﬁzgm%ab 861 9 %Po@zgge&fcg (M
is not set by sigral.n Nidter that the gaﬂuhémhememvmmrmd( hpadend #0ds ﬁiﬁémnted

enbodi ment, 1t heURSHee airﬂi &P%Aﬁeﬁgs CH”diﬂ:ﬁﬁt Sth @5 ed
at |ntervals rat her th tlnual y trea,
gain referenteadend rﬁQI ererﬁr BseHRy Othe biZan‘&'Fﬁ @ sgean

nmoni tor up to cbhditidriseichahged in uthet paﬂrrbgﬁveext dieademdt e40s agd athe &Ala,nehei me
by sequentyizal | t gﬁﬁfn t he
actual nunber %*tﬁﬁ??'éw&%f e RAD %Y#%ren e SI processo,f?,BW?K/)C&Wﬁ'c1

| owered. 30 °°P‘-'°BH>'E’FE§%§§W1P@F%F% §’f1 Brocessors 412A - 412M
nmeasure the aFidwevelp thé Rmbsmatamngqmwexe&mtmicbopl nedmpensateh

?RAD- The for changes in the cable plant gain. RAD reference signal processor 84

monitors the absolute level of the RAD reference signal and compares it to a
20 fixed reference. The result of the second comparison is added to the result of
the comparison of the first power control loop.. The summed signal is
output to gain control 72 which sets the output power of the RAD. Thus
when the gain of the cable plant changes, the gain of the RAD changes
accordingly. |
25 In other embodiments, only one of the previous methods of power"
control may be implemented. Such modifications are within the scope of
the present invention.
From the previous description of the forward link power control, it is
evident that the more closely the RAD reference signal represents the actual
30 gain or change in gain of the cable plant the more precisely the upstream
power control works. In the cable plant, the gain variations over time can
have a significant frequency dependence. Therefore the larger the frequency
offset between the sector signal and the corresponding RAD reference signal,
the lower the correlation of the gain variations of the sector signal to the
35 gain variations of the RAD reference signal. For example, referring again to
FIG. 9A, the amplitude of the RAD reference signal shown may provide a



measur enent of the upstream gain reference signal provides an estinmate of
the relative anplitudes of the upstream signals. The result of the
measurenents is reported to cable plant conmunication controller 430 over
35 interconnection 408. A nessage is sent back via the RAD reference
signal to wo v’ r espondi ng RAD commandi ng the RAD t o i NngE&eRseisse

decrease the | evel of the upstreamsignals it provides. Thus the

rel ative signal |evels WO 97/ 29608
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each RAD is controlled such that the signals may be properly conbi ned

within the cable plant or within base station 44. Upstreamgain
reference si goed indioatéoas of fhe%ﬂﬁhtudéw’lsﬁaysm! whiler provildingt & bess facoutatens

such as I’YDI’IIL& %88& s Jdi's8dt e RADs -or fault managenent. 5
| nt er connection orns |nterconrect| n between dual bank_ of .
downconverters 4161\0 1@RF°3'6” h isipyidenk gxamjnation of FICH 94 is

bank of su m’fﬂ{afﬁ tHO RAD réferdfice's G’&Elfefcchﬁiés GaindwidEh wm&aedsuldf be used

downconve te A - 4 Qn

In additi 05 ‘#ﬁg F PUERC ?%I?\&ﬁt%se %é\asp?oﬁfeac D needs 10 to
be control I ed rel @nevaethed fﬁanlﬂfﬁelﬂgsdﬁ qopmﬂe &he amplitudeocharactgrisiemobe
acconpl i Shedﬂ\é"mn&fé@nwiﬁgﬂlsé}\d atil sdctort bi%nabseltut eaheml thé RAD

upstream si o Of: 1l he o) usi ) he
cabl e pl ant g Ssl‘%%g%l ser |%&iue§‘r$§'o¥“ 1 Ené?m c?r

the pr eb widh. | Fig: 43 shewg rﬁasqenannenmhacls lafreferrenfﬁ et@ai eal
enbodi meny 1plackd ih thelcentedriofithk &thA(Hecfobelgfmerm Preagice drfthevnnb

;relatlvelylar mre in t SS nV|r

ingress si gné?fgrqdﬁ es&’e% Wﬁﬁ'["he € Eﬁ@fb ﬁgﬁf‘ gﬁg 8? ?Y NEPGS? g&ﬁband
nature of t hperfnﬂmm obthesiygtemn. Jihe PN sprpwémgesngusace iumd pofee remeote ol
nmechani sms  egRit9YRY dethddiflatey the rBeciB}esx al ihBERIdl |pr6|61dé@WErsl dabit

nmechani sm contélglgs tgfﬁée Ef)l | E ngetlatti\?e amZQhe VEAD | ..,,é I C

range as rec&? communication unl%l adj usts
its trandbit "jpovmer’ senemzt the RAD recei ves

Placing the RAD reference signal in the center of the CDMA sector
signal may have additional benefits over placing the RAD reference signal
elsewhere in the sector signal. In the remote units, the CDMA waveform is
converted to base band such that the center frequency of the RF signal maps

20 toaD.C. value at base band. The D.C. value of the analog CDMA waveform
is blocked by analog circuitry before it is digitally converted thus providing
an additional rejection mechanism of a signal at that frequency.

' A similar technique could be used for the upstream gain reference
signal. However this solution is less elegant on the upstream link because

25 of the number of upstream gain reference signals for each sector may be
quite large thus proportionally increasing the amount of interference.

As noted above, the cable plant radio frequency (R.F.) environment is
especially hostile. The cable plant is highly susceptible to ingress signals that
are likely to develop and change over time. Also as noted above, the CDMA

30 waveform properties are inherently protected from narrow band
interference. Therefore if a narrow band jammer develops within the
spectrum of the upstream sector signals, the system performance may be
slightly degraded. However no real mechanism exists within the CDMA
circuitry to detect the cause of the degradation.

35 Ingress processor 416 of FIG. 10 performs this function. Ingress
processor 416 surveys the entire usable spectrum in narrow band increments
to create a data base of the location of jammers. ‘For example, ingress




the renote unit signal at the same |evel regardl ess of the distance between
the renote unit and the RAD. Because the reverse |link power has a
relatively IOM/dynanic range, the upstream cable plant signal can have a 25
consi stently hi ﬁomer | evel operating point within the cable plant thus
provi di ng consﬂg9é 960%vant ages over |ower power |evel ingressPSTYRYI04876
However, it is also inportant that the operating point of the uplink

remai n | ow enough so-as to not overload the electrical to optical
converters and other devices in the $ath. The operating point of the
reverse link 30 upstrean1signals nmust al so be IOM/enough so as to not

cause degradation to st ream cabl e pl ant si gnal such

" pay- per - vi ewPTPfEIT 414 ﬁamp?es QP%%B‘%S rﬁf(ri@?#‘a’mt?f'eerc 3%1?] ?h@econ
subscri bers. Tinsec)linteteald I# therersergy obsemieddnabialr barelwidth sicesidatthe lepergy of
the upstream % BtablO'fo the (?’@ﬁi/? Waibrm gvhlch is relat hhm Auehidl fid ure

shown in FIG , numner ous bsol ute | evel
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97/ 29608
35 anot aresheld, dhe sgstor isignal aeahbe mrpved o apether freguengy. (theaneWouer .
One et hodrequeney tagelsdcliosen in vieve offf thedata basekofofarrdners stored avithint er s

410A - 410N T gp x{e&sfhi’oc%ﬂéﬂr 18's3Ph tﬁ&'%%le%%é ssidid %@ﬁergo the

absol ute | evel Strgnal's 1U 1S rece|V|ng nre cable 5
pl ant com¥ni cat i ofheoHransition; ta Fhecaewc fiequemcyeZeay epeasily, aecomplishad

decrease the svigh&ht hﬂéﬁulﬂioﬂl\/rﬁfcﬂhel tomamanipition nbeﬁv\h%nurlsé rm!am ahgnthe

The out put of aggh, f léaéeé ?Lgﬁ' €s1 at 6937 qggth areto a
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provide |F si drejuepepcBesexinpledh HG. 4 ditheriPld. 11|2thIeL ms&bebbﬂdceukbbh ment

15 reprogrammed to a new frequency. At headend 40 one of dual bank of
down converters 410A - 410N is commanded to begin processing the signals
arriving at the new frequency. Note that this entire operation can occur
automatically without any human intervention.

The system just described has a great number of advahtages in the

20 flexibility it provides When the system is first deployed, the number of
users is relatively low. At such an initial deployment, headend 40 may
comprise a single sector of resources meaning that every RAD in the system
provides the same set of signals. Remote units can travel through the entire
system without a handoff being performed.

25 As the number of remote users increases, additional resources to
provide an additional sector can be added at the base station. For example, a
new sector requires additional digital shelves and may require additional
upconverters and downconverters. When the new base station circuitry is
in place, a number of the RADs can be programmed by the headend to

30 operate as the new sector signal. As the number of remote units increases
further, more resources are added at the base station and more of the RADs
are remotely programmed. Note that the addition of the new sectors does
not require any changes to the physical RADs. The programming which
must take place is accomplished by the base station remotely. Thus in

35 addition to the low start up cost required to implement a system, the system
can be expanded slowly, easily, and inexpensively.



dual bank of down converters 410A - 410N out put anal og signals which are
conbi ned by anal og dual bank of sunmmers 407A - 407K. The conbi ned

anal og signal is converted to a digital signal within dual bank of
automati c gain control units 406A - 406K. In order for the analog to
digital convewbenmesdd to work properly, the anplitude of thecxnsoneisss gnal
I nput into the analog to digital converters must be carefully
controlled. The automatic gain control function of the dual bank of
automatic gain control units 406A - 406K4i s the process of setting the
conbi ned anal og signal to the proper |evel for conversi on and does not
effect the cable plant power control |oops. 20 Alternatively, the A/AD
converters can bé‘hleoeaseai whidhi mhamsm be re-programniviati ¢on dpenited®ai s

connected tgq f L 6K
t hrough i nterconn i on?é?(l)s}%%\)/b em (gf\?{h%o%%d‘ﬁﬁs%ns the &&hﬁé"n%g%p‘ﬂfjﬂg
digital shePy&Eoy PTG tRERTaly whan Ashis vere
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intervention.

This flexibility feature, which is quite unique to the present invention
as compared to’ conventional macrocellular systems, has boundless
possibilities. Another example of a use would be for areas of sporadic
utilization. For example, a sports stadium may be crowed for several hours

20 several times a week but may be nearly deserted the remaining hours. In
conventional fixed systems, if sufficient resources were provided to service
all of the remote units during the sporting events, the resources would

‘remain idle during a majority of the time. However in the present
invention, the resources can be allocated to the stadium areas when needed

25 and used throughout the rest of the system when they are not being used at
the stadium thus decreasing the cost of the system and increasing the
effective capacity. The allocation can be preprogrammed at the headend in
view of the known and expected events or the same automatic response to
the increase in traffic used in the case of the automobile scenario above can

30 be used. '

There are various modifications within the scope of the present
invention. For example as noted above, IF processor 70 in FIG. 3 may
comprise a fixed delay element to provide the delay necessary to create
diversity signals which can be separately demodulated at the remote units.

35 In an alternative embodiment, more than one version of a sector signal
could be transmitted over the downstream link of the cable plant. The
versions could be delayed at the headend processor or elsewhere in the



el ements 204A - 204N may be assigned to the sanme one of dual bank of
automatic gain control units 406A - 406K if nore than one usable nultipath
signal is being received fromthe sane one of dual bank of automatic gain
control units 406A - 406K. Al so one of denodul ation el enents 204A - 204N 5
may be assi gneWQ27/29608i f f erent one of dual bank of automatic gEFHUSI/01876
control 406A-406K if the renote unit signal is being received on two

di stinct unmerged paths through the cable plant. Note that the output of
each of denodul ation el enents 204A - 204hﬂ§s conbi ned i n synbol

combi ner 208 wei ghted according to signal quality |ndependent of which of

10 dual bank of automatic gain_control unit A - 406K is p t he
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location macrocellular base station is comprised of three different sectors.

Softer handoff/combination is executed to handoff between the three sectors

of a common base station and the soft handoff/selection is used to handoff

25 Dbetween any one of the sectors and a sector of another base station. To use

existing equipment, the architecture of the headend could be implemented

in triple sector sets. Handoff between the sectors of a triple sector set would

be softer while handoff between sectors of uncoupled sector triples would be

soft handoffs. The most advantageous implementation of such a system

30 would program the RADs in physical proximity to one another to

correspond to the three sectors of a triple sector set to increase the number of
softer handoffs while decreasing the number of soft handoffs system wide.
Thus the flexibility and other advantages of the system are maintained

while further decreasing the initial cost of the system implementation.

There are many obvious variations to the present invention as
presented including simple architectural changes. The previous description
of the preferred embodiments is provided to enable any person skilled in

&
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37 " upconverted by at | east one of upconverters 422A - 422P. |If the
sect or signal is to be.transmtted on multiple strands at different
frequenci es, the sector signal is provided to nore than one of
upconverters weddssod22P. For each sector signal, pereisyromieé
indication of the desired transmt 5 signal level is sent to one or nore
of RAD reference generators 420A - 420L. Every strand carrying a
sector signal nust also carry a correspagdi ng RAD reference signal

whi ch provi des the downstream power control i nformation, upstream
power control information, and any other control i nformation

corr espondi rthetast f@/Make or tuise the paestntinventiomg Thee vafious enddifications to
signal s. these embohimhﬂtsaﬂnﬁ'He%gﬂil#r‘é?gﬁf@ﬁ%qﬁaie ﬂoﬂbﬂ'ﬁ\aﬂl'le' E‘ﬁ' gafti on of

t he desired nsmit _si g ?A] not rat ed di &,a shel ves
402, a powerthe geneFig pringiples, e&v Ferein, mayike Aplied thr% gmise
upconver t er swithavt thedidstFof the inventilre\fachltly s, thet presemtvimwventionHe niotconi ng

sector 59N AnfendElC 1d-be HRARM ¥ me%ﬂoayxﬁkn&o%gwh KGR HY 20 be

i ndirectly repor ropri at ere enerators
420A - 42%|_ wgpm d, fhg widgst scope C%ﬁ@?&fhwltﬁefg@&wv oty ﬂ°Y?r}e?e§g\4§s\/\/ay as
it acts in tdeclpsal herein enbodi ment upon the digital indication of the
desired transmt signal |evel. If a single strand is providing
three different sector signals to RADs 20 on the sane strand as shown in
FIG O9A, three different digital indications of the desired transmt
signal Imvel are sent to a single one of RAD reference generators 420A
- 420L For each RAD nmonitoring the sector signal on this st rand,
upstream power control information nust also be provided. This

information is provided from cabl e plant conmunication controller 430 as 25
derived fromupstreamgain reference signal processors 412A - 412M

I nterconnection 426 nust be capabl e of coupling output froma

plurality of upconverters 422A - 422P to one or nore of electrical to

opti cal signal converters 16A - 161. If nultiple strands are
transmtting the sane sector information carried in the cable plant at
t he sane frequency, the sane 30 wupconverter <can drive multiple
electrical to optical signal i



converters 16A - 161. If the mul tiple sectors are transmtted on the sane
strand as shown in FIG 9A, nore than one of upconverters 422A - 422P is
coupled to the same one of electrical to optical signal converters 16A -

161 . I nt erconnection 426 al so coupl es the correspondi ng RAD re pce
signal 35 froMQN#%® RAD reference generators 420A - 420L t oP&HY 7@’}8
electrical to optical signal convertgys 16A - 161. If the RAD

ref erence signal has sufficient i nformati on bandwi dth to provi de power
control and other control WD 97/ 29608
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i nformati on, the same RAD reference signal may be coupled to a plurality of
el ectrical to optical signal converters 16A - 16l1. Alternatively a

di fferent RAD fef er Amceppamtzs foraprinddiyeg) @rcamnhuinicatinac fcoveragadareasn i f
the strandg thrcﬁfﬁ‘?\o‘iﬁ”& xbﬁenﬁﬂﬁaaaﬁﬁswe&f)&oﬁkﬁeﬂﬁza ¢ablé WalbvRidie SSlant he
RAD r ef erence si ] carries only control formati on corresponding to

t hose RADs on® nsmgst rand. Li ke the upstreamlink, the

absol ute | gvel of afseride of sadioaamtenyk dev1cesr(R9’tDsaI@acdibalongtacdblledachTybi cal

cabl e downstr

(deci bel s/ Fbrtgg{a);;ﬁést eﬂ?g?}arr %aat%bg%mr%ut W@gé I%d "Y“Flgx"?%| S
coul d be r6BdudRpuk aamwa'teqsgmfpat, wherein | gash e‘Pysal §eries, of RAD %H§Eﬁ1¥e§ hat
the CATV perf égnpanfoewazd ik cdmnnttﬂchthm signalsiivid s RAR | refegence signal from

I nt t |
el ect 11 cal B o bR B0 SR b BRHE Dihd (ARG BRipU forwary Link
functions COgImMuAifation rﬁ shough gsaid eWHSLeéf i PEPUt Ak reeaivess ipput 15

I n typi calionaeeeese| lihkr copmhenicatibr lsigmalst Girbagls skid netirdlesseifipar and

directly wth fr 1d°e§TJ:\lBtap epfse% e/ hﬁkCEBﬁfxﬁﬁhﬁﬁﬂoﬁyEi?ém ;&’&Lh&:’g&‘é!xmp[g%}.’ﬁ des

control over tations r. exanp
control | ed237@e %mecﬁlﬁ'@atmé"'ﬁh‘é%fll"é Inpwsand or pase stations 362, 364,

and 368. In the pr aflmadeddqmmésunnbuplad o szid cablethavinhge atbasa staa:;orb&aﬂm
3/'“' (r:“ nat eq4butpLAGERicR Ravihg o sdt WP den?Oulitioh GlefreRld ProFRthhbly’ Ghipild
1o at least one of a plurality of said series of RADs;
16 wherein if a first two of said series of RADs are transmitting a
common forward link communication signal, said first two operate as nodes
18 of a distributed antenna and wherein if said first two are transmitting
different forward link communication signals, said first two operated as
20 sectors of said communication system and wherein said RAD reference
signal controls whether said first two operate as nodes or as sectors.

W



may now be delegated to headend 40. For exanple, a CDVA system

desi gned in accordance with the "Mbile Station-Base Station Cbnpatlblllty
St andard for Dual - Mode W deband Spread Spectrum Cellular System"

TIAEIA | S 95, ggnerally referred to sinply as 1S-95 provides L éﬂhi 6
data 25 whi chW ¥ded into franes. System controller 370 g@B t he
conversi on between the pul se code nodul ati on (PCM signaling used over

the PSTN and the vocoded franes used in the CDVA system In the
preferred enbodi nent, the system provides for both voice and dat a
service operation fron1the remote units. T eadend may al so need 30 to

provi de various data service func s.typically perfornmed by a system

W _headend may also need to

performthe billing functi ehs ahd ot her cg procepsy ng functions usually
‘handl ed by the systen1conth hg hegdend may/fal SQ conprise a switch
for switching call sgbetween! TVdsy ffem and t‘ N. 35 A
variety of architegures and}f tijo ONBi stent with

.the present inventi & Fqr e | the ons of the system
WD 97/ 29608 PCT/ US97/ 01876

139 controller may mai gated to asepd sfem control l er and
t he headend may be tr as one or seve ions of a larger

system As not ed€abdve the RAD ref ersace 'si is used in three
ways by the RADs. Fir§§i-t1e RAD r ef erence si gnal t 0. comv digital
information to 5 the RAD. hd, it is used as a frequemncy referexce

within the RAD. Third, ffHe] RAD ref &edce signal is used agga_reference

by which the cable plant gai i ERQY ed. One net hed whi

RAD reference signal to

reference signal is an anpll lfafed (AM) g ghal. 10
it he preferred enbodi nent, e ' emis asighe dits
uni que address. In reali ¢®epsary that jeggh RAD
to nonitor a conmmon RABHfeFerer i ' a unlque afldr ess an
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therefore the addresses could be repeated throughout the system In the
nost fl exible design, even the RAD addresses are renotely programmble 15
from by headend 40 but the address could also be fixed in hardware. The
RAD signaling format can use a standard signaling format in whi E?

RAD- noni tors t NE9 ef erence signal for its own address. k ﬁ%gﬁngn
address transmtted on the RAD reference signal corresponds to t he RAD
address or an universal address, the RAD decodes the follow ng nessage 20
and acts upon it if necessary. If the address does not correspond to the

RAD address or an universal address, th#IRAD sinply *rgagra@s the

fol |l ow ng nmessage but continue nitor the RAD f ce signal.
The expected signal rate requifed of e RAD referenckaspgnal is only
about 300 bits per secomﬁ‘ ut a ¢tandard enpxte of 9.6

ki | obps (kbps) or 19.2 kbps 2§ @asi |y be usgd. The second
use of the RAD refereﬁce si gna L uency fefer&nce for the
PLL in the RAD. The D ereh i gna’is|al so Y& frequency
reference for the RADl och to oni he trdRs dat a. As an
AM nodul ated signal, th equg the sigfal fe Egzéi)nstant 30 over
time and the signal can be\ysed nmost girectfly fbrénce. In
addition, to avoid anplitude phaap Rodul at ¥on di g¥er+f pn, the

nmodul ati on used should be f o afh phd have Content. A

nodul ation techni ques, such Qg 'S

I
ra

hase or Manchesteer\ nodul at’i
whi ch provide an "M shaped s %g thes can be Jused so that
distortion is not |located in gl "TJ>tWQ grrier. Eﬂ
of the RAD reference signal i appr oxi [rtje t he gai of e
plant between headend 40 and g¢&h RAD. Theldnplitu
97/ 29608 PCT/ US97/ 91
40 modul at ed signal caybe used as pfjanplitud bf erence

nodul ation
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schene is carefully designed. For exanple, the AM nodul ation i ndex
shoul d be kept relatively low. The digital data transmtted should contain
an equal number of logical 1's and 0's over relative short intervals. It is

also 5 necessary that the RAD average the power of the RAD reference

si gnal over w‘i%’rﬁ?“ﬁeri od of tine. As noted in t hePEHURYP¥ A
section above, the power of the aggregate forward |ink CDVA signal
carried on the downstreamcable plant is a function of the number and
rel ati ve power of the signals which are 10 conbined to create the -
aggregate forward link signal. Also for t{goreasons noted above, it is
i nportant that the rel até&gve power transmtted by each RAD i s properly
controlled so that the h of f boundaries r i perly al i gned

bet ween the RADs. A netho apparatus for\greafj fig a gain si gnal

i ndi cative of an appropri ggregate g gnal {s %th is detailed in 15 -
U. S. Patent Application Serial No. / 899, Sept enber 8, 1995,
entitl.ed "APPARATUS AND METHOD FOR g 2 M SSI ON POAER I N A
CELLULAR COMMUNI CATI ONS SYSTEM' gssdlijghed tE assijgnee of the
present invention Each sect ¥n the ssfem hgs an i ndependent
aggregate signal 20 strength based wnpse nun d relfative signal
strength of each signal that ity gfits. Each nodgl ation elenent in
digital shelves 402 generating a i!g | outputs a dijgital signal which
is added to the other indications outpytg from nodul ati on el eénents
produci ng signal for the sanme sector. is way afp aggregate
transmt |evel indication, which maye/Sreated in 25 adcordance with the
just nentioned U.S. Patent Applicati eri al No. 108/ 525, 899,

i ndi cates the aggregate signal streng each sector sijgnal nodem
bank 400 creates. - At the sa time, the RAD r¢ference signal is
transmtted at a fixed o |evel bysheadend 40 at all tijnes regardl ess of
t he desired output power® 30 RA fyence signal cdn be used as a
coarse estimate of the caljl e an I Referlggng gain to FIG 3, as
the RAD is radiating power,j e out put ris \cht c&t d by power
detector 90 and reported HaBk]to RAD ni dboprocessor 8§. o RAD

m croprocessor 88 conparegq th adured fransmt powey | &2e] with t he
| evel indicted in digital fgrmas rjeceived in the digftal&iphformtion on 35
the RAD reference signal. Fqlom theg conpprison a result i f f erence
signal is produced represent]i ng t heffgeeri—by which th but power

should be | owered or raised.} This.

t
ecuted with a
first &
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41 time constant consistent wth the speed at mhlch t he power control
commands are received from headend 40 over the RAD reference signal.
Note that every RAD radiating the signal corresponding to this 1876

receives the SH@873Wer indication in the digital information on the RAD 5
reference signal. As it is the goal of the power control |oops to hold the
out put power within [err]/1dB of the desired output |level, the first |oop
may need to operate quite slowy in order to provide the precise output
power desi red. At the sane time RAD mi croprocessor 88 is
executing the first power 10 c&htrol | oop, ghip IS al so nmonitoring the

absolute |evel of the RAD referé SI gnal Note that the gal n bet ween
each RAD and headend 40 i e t hat
each RAD has a distinct path to nd 40 different than every other
RAD. Wthout the second | oop, if condltlons changed in the path between

headend 40 and the RAD, the 15 oufput power of the RAD woul d al so change
until the first power control g | oop could bring the | evel back to the
desired | evel. HoweEer/, Whe RADs use a second power control |oop
to conpensate for changes ® cable plant gain. RAD reference

si gnal processor 84 nonitors e absolute | evel of the RAD reference
signal and conpares it to a 2@ fib reference. The result of the second
conparison is added to the reg% t qg - the conparison of the first power
control |oop. The sunmed signa iE output to gain control 72 which
sets the output power of the RAP

wnen the galln OoT the cable

pl ant changes, the gain of the RAth nges accordingly. 25 I n
‘ot her enbodi nents, only one of vi ous net hods of power control
may be i nplenented. Such nodificat ons are within the scope of t he
present invention. < previ ous description of the forwar{
|l i nk power control, it is \Jevitdfent [t hat the nore closely the RAD
reference signal represents th 30  gain or change in gain of the
cable plant the nore preC|ser th
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power control works. In the cable plant, the gain variations over tinme can
have a significant frequency dependence. Therefore the |larger the frequency
of fset between the sector signal and the correspondi ng RAD reference

si gnal , the | ower the correlation of the gain variations qégbh tor
signal to the WOY#%% variations of the RAD reference signal.F s%?i%%l e,
referring again to FIG 9A, the anplitude of the RAD reference signal
shown may provide a WO 97/ 29608

PCT/ S97/ 01876 42 good

i ndication of the anplitude of sector 3 whiS¥¥@ providing a | ess accurate
estimate of the anplitude of sector garer factor which is
evi dent from an exam nation of FIG Re. RAD ref erence signa

anot her sector signal or a T.V,/signal. pd to nore

cl osely couple the anplitude g4 gt i RAD\r ef er ence
.signal and the sector signal/i ref exence signal at
.a frequency within the 1.25 bandwi d¢h. FIG 11

shows a scenario in which the RAD r is 10 pladed in the
center of the CDVA sector ef erence
'signal within the CDVA wavqf orm doe ™R ° per f or mance
of the system The PN spreddi ng sj X units to

codi ng
5 "jamrer"
gZenter of the

pl aci ng t he RAD

:denodul ate the sector signa
‘gain to the CDMA signal rel
ener gy. Pl acing t
.CDVA sect or - signal may ha%

i gnal in th¢
behdgfits over

reference signal el sewherey e renote units,
the CDVA waveformis conver 7 {8 center
frequency of the RF signal maps ase band. The D.C

val ue of the anal og CDVA waveform

305G 30SH 3051 ' 305

TO/FROM
BASE STATION -

305A
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I's bl ocked by analog circuitry before it

is digitally converted thus

provi di ng an additional rejection nechanismof a signal at that
frequency. A simlar technique could be used for the upstream
gain reference signal. However this solution is |less elegant on the

upstream | i.nk b@eeares685 of the nunber of upstream gain ref er MRTLSIVYIH s

for each sector may be
amount of interference.
frequency (R F.) environnent

S

As not ed above,

quite large thus proportionally increasing the
the cable plant radio

especially hostile. The cable plant is
are likely to devel op and

hi ghly susceptible to ingress signals that
change over tine. Also as noted above, the
are inherently protected from narrow ban

i f a narrow band janmer devel ops w g
sector signals, the system perfor mafy
However no real nmechani smexists w t\

t he cause of the degradati on.

usabl e spectrumin narrow band i ncren
| ocation of jammers. For exanpl e,

PCT/ US97/ 01876

416 sanples a 125kHz piece of spectrumover a 1
interval. If the energy observed in that bandw gt
attributable to the CDVA wavef '

br oadband nature of e CDVA
measur ement ), ingres§ process
Of the sum of the jankr ener
t hreshol d, the sector %ignal/]
frequency nay be chosen in gi
i ngress processor 416 such th

35
perfornms this function. Ingress

al

i ng
g

30 waveform properties

interference. Therefore
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10 The transition to the new frequency nmay be easily acconpli shed

W t hout interruption of the conmunication between the RAD and the

headend. The set of RADs providing signals at the infected bandwi dth are
notified via t eference signal to provide the signal at _a_new
frequency. For@%ﬁ% in FIG 4, either PLL 112 or PLL 138 or Pﬂﬁﬁ”&%m‘d
be 15 reprogrammed to a new frequency. At headend 40 one of dual bank of
down converters 410A - 410N is commanded to begin processing the signals
arriving at the new frequency. Note that this entire operation can occur
automatically without any human intervention. The system just o
descri bed has a great nunber of advantages_in the 20 flexibility it .
provi des When the systemis first depl oyed,mphe nunber of users is @
relatively low At such an initial deploynent, headend 40 may corrpri&
a single sector of resources neani ng#hajy every RAD in the system

provi des the sane set of signals. Rengtse Its can travel thgou t he
entire system wi t hout a handof f @Q performed. 25 <§ £t he
nunber of renote users increases, addHti | resources to @ [§§VI de an
addi tional sector can be added at the=bpse station. For exan‘?%,ga new
sector requires additional digital shel§es and may require addgti onal
upconverters and downconverters. Wierf igagd new base station cir
in place, a nunber_of the RADs can Yde pggram*red by the headd
operate as the ne or signal. AR nunber of renote umf
further, nore resgpurce$ are added at | base station and rﬁr
are renotely progfanmed. Note that the ®ddition of the new se
not require any changeg to the physic The progranm nd
nmust take place i npl i shed by ase-—shation renotely.
addition to the | rt up costdrequiared to i npl g

system can bg panded sl oW Y, ee&il_l_y, ar{d inﬁxpensivel ]
WD 97/ 29608 © N i oo I%E US97/ 01876
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The ease at which the RADs can be re-progranmed to operate as a

sector, may al so be taken advantage of when
syst em change. For exanple, assune that a no
by a series of g2l | of which transmt
di stributed antennas of a common sector. In
series of 5 RADs the anount of renote units
suddenly triples due to an unexpected event
whi ch backs up traffic. The base station is

new
the requirenents of the
rmal |y urban area is covered
t he sanme set of sigqpal

the small area congﬁﬁﬁﬁﬂ&?ﬁ%
attenpting to use the system
such as an autonobil e acci dent
cogni zant of the fact that the

nunber of attenpts to access the systemtigygugh the corresponding sector 10

has dramatically increased. The base station
the 5 RADs to begin to operate as anothéff se
nunber. of sinultaneous tel ephone cal | &wi ch

can reprogram one or nore of
ctor thus increasing the total
can be serviced in the area.

In the nost extrene case,, each of the e RADs cgn becone a sector unto
itself. The base station fan do so negZlg instantlly without the aid of
human 15 intervention. ThiSdlexibilitly feature, which is qU|te
uni que to the present invention gorrpar ed tjo conventl onal
macr ocel | ul ar systens, hap boundl ess ﬁ g possi biTjrti es. her exanpl e of
a use would be foy areas 44 rzaiji on. For Exanple, a
sports stadium be cr several t)nmes a week but
may be nearly degerted th conventj onal fi xed
systens, if suffgpient repoyrges service all of the
renote units d@ppg the s L ces would remain
idle during a @%&M e present i nvention,
t he resources caffj be allo s when negeded 25 and
used t hroughout e rest Pf the sygtem when they & e not be ng used at
the stadi um thusidecreasi pg the co of th nand incrfasing the 4=
effective capaciay. The ajlocationgan be prepyogjanmed at g he headend
view of the known. and expgcted eve@s or the saneTautonatic response to
the increase in trafflc uged in thg case o t onobi |l e jscenai o a ore, -
can 30 be used. 1 re vari.ous nodiffications w thfaethed T=
scope of the pre i For exanpl e 4s noted gbove,¢ | F Q
processor 70 in 3 may Qv rise a del ay el enent t ; -
the del ay necess@ £ . di versi :gnat s which Jcan be
separately denodul ated atfjthe r ﬁ%te units an al terwative ___'-
enbodi nent, nore than one}versi a secto al uld beeg .
transmtted over the downptirea of the cablefplant. The 8 rsion
coul d be del ayed at the hgadend prdcessor _ \here in tjhe 4 E
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45 system and the various RADs acting as distributed elenents of a
comon _ distributed antenna could transnit the different versions having
t he differ %9792‘3150&3/3 rather than providing their own del ayrgrluswlo 876
Anot her way to provide greater signal carrying capacity on the upstream

link is to provide a nechani sm of frequency conversion in fiber nodes
20A - 201. On the link fromthe RADs to thed‘d' er nodes, the upstream
bandwi dth of the systemis limted to the 5%="40 Miz range and the

downst ream bandwi dth of the systemis linmted to the 54,MHz to 700 Mz
range. The optical network actually capabl e of carryindsignals over a nu
10 greater bandw d&h such as 200 MHz. Each fiber node ‘Eoul d use a conmon g2
set of frequencies t@§carry the upstreamsignal fromthe RADs to the fi ber&.,D
node. The fi ber node%oul d frequency multiplex the upsgreamsignal to a <
'set of frequencies aboYe the operating frequency of th&downstreamlink to
.carry the signal between over the optical network to orEicaI to electrical

:15 signal converters 18A - 18l. Optical to el ect:{"ca-!wfg'rrs\l converters
18A - 18I coul d either downconverter the sigrgls before®providing them

to base station 44 or dual bank of down converjt érs 42»0A - 410N coul d
‘provi de the necessary down conversio®. In the first
generation inplenmentation of the present wsgventTom, 1 20 ey DeTTOSt
financially advantageous to build the circgitry at headend 40 fromthe
existing circuitry used in nacrocellular systpnsi A typijcal '
location macrocel lul ar base@station is conpripegd gf rde di
sectors. Sof t er handof £/ combi nati orafs] #¢ o | éafhand Magn the
three sectors of a cor§Dn base statsifa :- bt han tiongd
is used to handoff 25 betvgen any one o -2 s} and ) *‘?
anot her base station. To uge exi stin et ladling ar of
the headend could be im in g ] (88t S
bet ween the sectors of ,a;triplejsector seg E 4 sof t
‘handof f bet ween segt org pf*uhcoygpl ed sect@-‘ S >4 be
handof fs. The nopst Wadvdn] ageous {i npl ement% e s.y_s .
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30 would program the RADs in physical proximty to one another to
correspond to the three sectors of a triple sector set to increase the

nunber of softer handoffs whil e decreasing the nunber of soft handoffs
system wi de. Thus the flexibility and other advantages of the system
are mai ntai ned WO972%B8 | e further decreasing the initial cost @®CTUSK/UYSt em
I npl enment ati on. 35 There are many obvious variations to the present
i nvention as presented including sinple architectural changes. The
previ ous description of the preferred enbodinents is provided to
enabl e any person skilled in WO 97/ 29608 -
PCT/ US97/ 01876 10/10 46 the art »

to make or use the present invention. The various nodifications to
t hese enbodinments will be readily apparent to those skilled in the art, &gd
the generic principles defined herei® may be applied to ot her enbodi ment s

1G

w t hout the use of the inventive fac I&)SI-Thus t he present \Eentlon S
not 5 intended to be limted to the# ments shown her ej is to be
accorded the w dest scope consi stentg t’ﬁl the principles an E features
di scl osed herein. 10 _ * ,
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47 CLAI Ms mg aratus

for provi d| ng a communi cation coverage areas 2 throughout a co a diﬂthé/
system conprising a cable tel evision plant - conprising: 4 AR\

series of radio a a devi ces éRADS spaced al o%‘g a_cabl e each\giMi3

said series of RA ving a capre Ry Vg BN é"'%‘moﬂut and a7 el ess

6

receives
si gnal f}
f or war d
recei ves
I nput ang

upst r ean

a headen
base sta
to at le
if afir
f orwar d

di stri buf

differen
sectors

signal c

| nput - angNAERNATIOREE ABPLIBWTON'PEE S HES YNDER THIEP ATENT COGPERATIMNPIREATY (PCT)

UAYA \I\IOlI u ‘I I I DUIIIIIIII L:Dll.

1%"8‘"“5%1‘?‘&“6’56!‘?‘%8\1 fh said tabl
i niH04Q 7%%&#‘&3{7/&5? si gnal s| Ahdug

LI"II’\IIL 10 _reverse |ink communl catli

11} hﬁmﬁoamaubm-wmgwout putwo 9729608

UII JI IIOlIO Clll\] Cf I\I'\LI ICI CI
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cald wre

B 103l i i Dl

(14.08.97)
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21 :..u.nw.w F..a.daykmmr r eve rougﬁ"

gain 12 rence signal
2P mmm@w ed té)"‘%'aﬂlnulmdﬁﬂoé\%
[ion having a set of denodulation e
h3d) Pagity mits: 2 pl urality of said seri
S5t t WeBOBR10% ) d s BFbragy 1996 (BABES) ar e U |
I nk conmuni cation signal, said fir
@1) ApgHtae QWA BCEMMANSIORPORATED BBIUS); biss
f or el BpuipvardiSancRegentidi B RE (USh si gnal
Dir2) SidlafbesS WEAN iGN, ©2Ns258/ SN HRRA T
ONt I ObcaldektOBIBbEOT (USYAWEAVERL Eikdsaly, a0 110 psz
ale Road, Boulder, CO 80303 (US). WHEATLEY,

.Charles, E., lI; 2208 Caminito Del Barco, Del Mar, CA
92014 (US).

(74) Agents: MILLER, Russell, B. et al.; Qualcomm Incorporated,
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Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

T.V. SYSTEM

{57) Abstract

onto the cable plant (4). In addition to the functions of standard base

{54) Title: METHOD AND APPARATUS FOR INTEGRATION OF A WIRELESS COMMUNICATION SYSTEM WITH A CABLE

The present invention is a method and apparatus for integrating a personal communication system with a cable television plant. A
set of radio antenna devices (RAD) (SOA-S0D) are connected to the cable plant (4). The RADs (50A-50]) provide frequency conversion and
power control of signal received from the cable plant for wircless transmission to the remote units (24A-24C). The RADs (50A-500) also
provide power control and frequency conversion of wireless signals received from the remote units for transmission by the RADs (50A-501)

compensate for gain variations in the cable plant (4). The downstream power control is regulated by a RAD (50A-50I) reference signal
whtch can be hidden within the CDMA signal for maximum efficiency.

stations and centralized controller, the CATV base station must also




