BI DI RECThONAL REPEATER FOR MOBI LE TELEPHONE SYSTEM The i nvention ref®
generally to the field of anplifying facilities for RF

signals which are transmtted/

TDVA/ TDD or

recei ved to/from one or

facilities to arrpbqaofsfﬁwgkzﬁl %ﬁ%%@}ﬁd g&/Aﬁe Spﬁg‘:' fdﬁgﬁw

for enhancing the serving area of PHP system or

( Radi o- Frequency)
nore FDVA or
elates to t he

I BNS CAVAERF carriers

PCS whi ch serving area is

sonetinmes limted by sone obstructions such as walls and/or ceilings that
bl ock RF signals, and to distribute themfor ensuring extremely high

efficiency of

The invention relates generallvy to the field of amplifying

facilities for RF (Radio-Frequency) signals which are transmitted/

received to/from.one or more FDMA or TDMA/TDD or CDMA base stations, and

more specifically relates to the facilities to amplify the combined

FDMA/TDD or TDMA/TDD or CDMA RF carriers for enhancing the serving area

of PHP system or PCS which serving area is sometime limited by some

obstructions such as walls and/or ceilings that block RF signals, and to

distribute them for ensuring the exireamly higher efficiency of the

channel usage.

When the bothway RF repeaters are applied for combining

one or more FDMA/TDD or TDMA/TiD or CDMA carriers and distributed them

within a plurality of the micro—-cell serving area,

the traffic capacity

(consequently efficiency of channe! usage) of the RF carriers is grately

impropved, comparing that when these FDMA/TDD or TDMA/TDD or CDMA

carriers are not combined and operated as an independent micro-cell

serving area.

PHP systems (in other words.

"PCS"=Personal Communications sytem or

"PCN"=Personal Communications Network) have recently been introduced in

a number of outdoor and/or indocr areas to provide wireless public

telephone coverages for people who need to have accessto public

telephones from either inside or outside of their offices or who are

otherwise inconvenient to approach to the public telephones that are

hard-wired to a PBX and/or a ceniral switching office over conventional

public telephone lines.
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channel’ usaﬁe. When bot hway RF repeaters are applied for conbining one or
nore FDMVW TDD or TDMA/ TDD or CDMA carriers and distributing themwthin a
plurality of the mcro-cell serving areas The traffic capacity

proved, | conpil et G SHuR REQWSFDR/ B 67 CHINAY OB Br® R Lot Pdr s ar e

not Comb! NG 1 AT RokPESRTRSC L AT AL SSRYAR Y ey TR

"PON'=Per 33t RN FAldnI Rt AT VRLKDeNAYE ARCEPLoh BPSLS SbFPIHSedsT N
being provided on the 1.9 GHz frequency bands and operated in the
FDMA/TDD or TDMA/TDD or CDMA scheme. And one set of the transmitter and
receiver shares the same frequency carrier by dividing the time domain
into two divisions. One of the divisions is used for "down-link”
transmissions from a base station tec the subscribers. The "micro-cell
site” is the location of the antenna from which the transmissions are
effected for the micro-cell. Another time division is used for "up-
link” transmissions from the subscribers within the micro-cell for
reception by the base station receiver. And currently, a stand-alone
base station is set on the central of the micro-cell site. Each
frequency carrier assigned for the PHP system has a 300 kilohertz

bandwidth and for the CT-2 system has a 100kilohertz bandwidth.

U.S. Patent Application Ser. No. T8T7.332 discloses several
embodiments of a cell enhancer system, having an amplifier in various
configurations for receiving, amplifying, and re-transmitting down-1link
signals from a cell site into.an obstructed area, and also for receiving
up-link signals from subscribers in Lthe obstructed area, amplifying them
and re-transmitting the amplified signals to the cell site. In one
embodiment disclosed in that application, a single wide-band amplifier
has an input terminal that receives both up-link and down-link signals
from antennas through a duplexer network, and that transfers through
another duplexer network amplified up-link and down-link signals to
appropriate antennas for transmission. The wide-band amplifier

amplifies all signals in at least the two-cellular radio telephone

frequency bands.
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a nunber .of outdoor and/or indoor areas to provi de wireless public
t el ephone coverage for people who need to have access to public tel ephones
fromeither inside or outside of their offices or for whomit is otherw se

e e AR B T A P P e
applied for the PHP systems or PCS. Since the enhancer amplifies
signals in the different frequency bands for up-links and down-links, a
duplexer network can separate the RF signals between the up-link and
down-link with very large RF isolations and the wide-band amplifier can
amplify all signals without an undesired self-oscillation caused by the
over-coupling between up-link and down-link amplifiers. However, since
the PHP systems or PCS adopt the FDMA/TDD or TDMA/TDD or CDMA scheme,
the same frequency carrier is assigned for up-link and down-link
transmissions, and since the transmission and reception to/from a base

station are divided into two time divisions, it is unable to isolate the

up-link and down-link signals with the duplexer networks.

The invention provides a new and improved apparatus for amplifying
the RF singals to/from a base station to enhance the coverage of the
serving area where the obstructions otherwise reduce the RF signal
levels, and for distributing oné or more FDMA/TDD or TDMA/TDD or CDMA
carriers into a plurality of the micro-cell sefving area to ensure the
extreamly higher efficiency in the channel usage. The amplifier system
must have the sufficient isolations between up-link and down-link
amplifiers to amplify and re-transmit the RF signals assigned for the
PHP systems or PCS so as to avoid an undesired self-oscillation caused

by the over-coupling between up-link and down-!ink amplifiers.

In brief summary, the apparatus includes an "up-stream” coaxial
cable and/or RF radiation cables and/or antenna system directed toward a

base station for receiving and transmitting the RF signals to/from the
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2 In a*RHP systemor PCS, an area is divided into a plurality of small

regi.ons,

or "mcro-cells", each of which is covered by very | ow power

(10mW transmtters. Currently, the PHP systemor PCS services are being
provided on the 1.9 Giz frequency bands and operated in the FDMW TDD or
TNDA/ TDD 0 SEDME (S@Rentad @n el Sof came copaiisnchb b AT dOMFVBT AFRS t he

sane freque rrier by divj the tine d t t
One of thé’“g?%sﬁ ornadiat ‘d’é‘e&a g?%?ﬂ%%nedl |tﬂ‘ﬁkard?rr;§l‘|§9ﬁlg’§?§)n MM@ ggze

station to .the suhscri ber The ." m cr o-

micro-ce sexvxng areas. Such coaxxa{ cables and/or antenna systems
and/or RF radiation cables (or leaky coaxial cables) are provided to
transfer and/or radiate RF signals to/from the subscribers within a

micro-cell serving area.

The amplifier system includes at least two mutually isolated
amplifiers and optionally a control means for ensuring the sufficient
isolations between up-link and down-link amplifiers to avoid an
undesired self-oscillation caused by an over-coupling between up-link

and down-link amplifiers.

In one embodiment. one common "up-stream” coaxial connector to
connect a coaxial cable and/or RF radiation cable directing toward a
base station, and one or more "downstream” coaxial connectors to connect
one or more coaxial cables and/or antenna systems and/or RF radiation
cables are provided to enhance and/or distribute the RF signals into a
plurality of the micro-cell serving area. Two isolated up-link and down
-link amplifiers amplify the RF signals. When a detector detects the RF
signals transmitted from the base station, the control means increases
the down-link amplifier gain and decreases the up-link amplifier gain
simultaneousty to avoid an undesirved self-oscillation as above described
procedures. Or the control means is at least supervising the conditions
which cause such self-oscillating conditions by compering these outputs
from the detectors and if the conditions exceed the limits, the control

means decreases the amplifiers gain immediately.
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site™

i%*the'location of the antenna from which the transm ssions are

effected for the mcro-cell. Another time division is used for "up-
transm ssions fromthe subscribers within the mcro-cell for reception

t he base statiop
the central of he m Ccfro-ce
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coaxial connectors to connect one or more coaxial cables and/or ante
systems and/or RF radiation cables are provided to enhance and/or
distribute the RF signals into a plurality of the micro-cell serving
area. Two isolated up-link and down-link amplifiers amplify the RF
signals. When a detector detecis the RF signals transmitted from th
base station, the control means increases the down-link amplifier ga
and decreases the up-link amplifier gain simultaneously to avoid an
undesired self-oscillation as above described procedures. Or the
control means is at least supervising the conditions which cause suc
self-oscillating conditions by compering these outputs from the
detectors and if the conditions exceed the limits, the contro! means
deicreases the amplifiers gain immediately.

’

In the thired embodiment, inputs and/or outputs of a plurality
base stations are combined and distributed toward the bothway RF
repeaters., which are installed in a building, under ground, on a top
poles. and/or on an overhead wire cable, to ensure the extreamly hig

efficiency of channel usage.

The invention is pointed out particularly in the appended claim
The above and further advantages of the invention will be better
understood by refering the following detailed descriptions of an
‘illustrative embodiment taken in conjunction with the accompanying

drawings, in which:
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configlratidns for receiving, anplifying, and re-transmtting down-Iink
sighnals froma cell site into an obstructed area, and also for receiving
up-link signals from subscribers in the obstructed area. anplifying them
and re-transnit#in the anplified signals tao the cell site. In one

enbodi nent di $dFoskd Si Att htttadpptictasebere of Ehedphyavadl peadeadfpsi ¥ er has
an input term,nal th cei ves both up-link and down-link signals from

ant ennas ?ﬂ%ﬁgﬁﬂc%‘ﬁiblég%ﬁnﬂgpﬁﬂpk, and that transfers through another

dupl exer nec gt 7l b Uk b\l 3B Tab] Mol OWLRuLP APRLgBILA

constructed in accordance with the invention;

FIG. 3 is a b!bck diagram of a bothway RF repeater constructed in
accordance with the invention;

FIG. 4 is a block diagram of a detector constructed in accordance
with the invention;

FIG. 5 is a block diagram of a controller constructed in accordance
with the invention;

FIG. 6 is a block diagram of an another type of amplifier
constructed in accordance with the invention;

FIG. 7 is a system block diagram including a bothway RF repeater of
the second embodiment of the invention;

FIG. 8 is a block diagram of a bothway RF repeater of the second
embodiment of the invention;

FIG. 9 is a system block diagram including a bothway RF repeater of
the third embodiment of the invention;

FIG. 10 is a block diagram of a bothway RF repeater of the third
embodiment of the invention;

FIG. 11 is a system block diagram including a bothway RF repeater
of the fourth embodiment of the invention;

FIG. 12 is a block diagram of a bothway RF repeater of the fourth
embodiment of the invention;

FIG. 13 is a block diagram of a bothway RF repeater of the fifth
embodiment of the invention;

FIG. 14 is an antenna structure constructed in accordance with the
invention; and

FIG. 15 is a block diagram of a base station constructed in
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anpl ifitfes al'l signals in at least the two-cellular radio tel ephone
frequency bands. 3 Problens may arise with the above-described cel
enhancer when applied for the PHP systens or PCS. Since the enhancer

anplifies signals in _the different frequency bands for up-Ilinks and
down- | i nksacc@rdance with the invention;

FIG. 16 is a block diagram of a prior art of cell enhancers.

With reference to FIG. 16, which depicts a cell enhancer as
described in the aforementioned U.S. patent application Ser. No. 787,332
a prior art of cell enhancers includes an antenna system 83 which is
directed for the base station 81, a second antenna system 84 which is
directed for the subscribers 82 in an obstructed region, and an
amplifier 91 which receives the signals from the base station 81 by the
way of antenna system 83, amplifies them, and transmits them into the
shadow region through antenna system 84. In addition, the cell enhancer
92 receives signals from subscribers 82 in the shadow region through
antenna system 84, amplifies them and transmits them to the base station

81 through antenna system 83.

In the cell enhancer 92 depicted in FIG. 16, the amplifier 91 is a
single wideband amplifier that is capable of amplifving all frequency
carriers in the two twenty-megahertz radio frequency bands allocated to
the cellular service, one band being for down-link transmission from the
base station 81 to the subscribers 82 and the other band being for
up-Iink transmission from the subscribers 82 to the hase.station 81.

A duplexer 87 connected to antenna system 83 through a connector 85
receives radio frequency signals from the antenna system and transfers
those in the appropriate 870 to 830 megahertz band to a second duplexer

89.
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dupl exet *netiwork can separate the RF signals between the up-link and
down-link with very large RF isolations and the w de-band anplifier can
anplify all signals without an undesired self-oscillation caused by the
over-coupling between up-link and down-Iink anplifiers. However, since

the PHP systenBupre:RESsadoRio hhe FRVESTORNpEt TIRVIM 7DD @hi IDVACEChedM-adl be
sane frequency carrier is assigned for up-link and down-link transm ssions,

and since tfhequemnssiigsa bn fand zreddpti dup leadf r&8m an bmseo St tHtei dbands B28i voded

into two time divisions, it is unable to isolate the up-link and down-Ilink

signal s wi t845t negahegitexefroveanberdes. system 84 originating at a subscriber 32.
Duplexer 89 couples the radio-frequency signals in the selected bands
from both duplexers 87 and 88 to an input terminal of a wide-band

amplifier 91.

After being amplified by the wideband amplifier 91, the signals are
coupled to the input terminal of another duplexer 90. Duplexer 90
coubles the portion of the signals in the 825 to 845 megahertz band to
an input terminal of duplexer 87 which couples the signals to antenna
system 83 for transmission to the base station 81.  The duplexer 90
also couples the portion of the signal from the wideband amplifier that
is in the 870 to 890 megahertz band to an input terminal of duplexer 88,
which couples the signal to antenna system 84 for transmission into the

shadow area.

With reference to FIG. 1, bothway RF repeaters 924 and 92B
constructed in accordance with this invention are installed on a top of
poles 101A and 101B, and connected toward the base station 81 through |
coaxial cables 13, 14 and RF radiation cable 15. RF signals transmitted
from the base station 81 is send through the coaxial cables 13, 14 and
RF radiation cable 15 (must be equai length to the base station if to
get the equal time delay) to bothway RF repeaters 92A and 92B. and
amplified and radiated through antenna to the subscribers 82. Since the
RF signals from the base station 81 is attenuated by the loss of the
coaxial cables 13 and 14, the bothway RF repeaters 92A and 92B must
amplify the RF signals up to the required signal level. RF signals

transmitted from subscribers 82 are pre-amplified by the bothway
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Accordi'ng td the invention, there is provided for use in a digital nobile

W rel ess communi cati on system a bothway RF repeater for distributing and
enhancing at |east one single RF carrier on which both a transmtter and a
receiver of a base station are operated in the tine division duplex node,
to i nprove cpRel e fi2di ancy2t e irneglerdy tisags Hie aonkorioceklt Slenuil ntp
area and to iﬂprove the quality of the communi cati ons between the base
station ard AN&UHSEr sbatiamndt, ~ SHiedabbiiiadd R rfepEsatlér r i PeTHige Angas
base station commyni catiqns neans for. receiving signals fro nd

Lransmi ¢ 11109 &l GhaleSE o 4NET BEEKS &t 4k ifbri 1686 rAI3abu - HisLead odr LAY pantenna
subscri ber, COIIUNG9b L OPSa TR TSt %5, AP A GR OIFES TEPmmany Leansm (i no

cable) can be used to radiate the RF signals to/from subscribers.

With reference to FIG. 2, bothway RF repeaters 92A and 928
constructed in accordance with this invention are connecfed toward a
base station 81, which consists of one or more FDMA/TDD or TDMA/TDD or
CDMA transmitters 2 and receivers 3, a RF combiner/divider 4, and a
telephone line combiner 1, through a common coaxial cable 13, 14 and RF
radiation cable 15. The bothway RF repeater 92A and 92B includes, as
depicted in FIG. 3, amplifiers 6 and 7. RF signal ditectors 21~24,
combiners 5 and 8A/8B, dividers 43A and 438, coaxial connectors 11 and
12A/12B, and a control means 25. Since the transmitters 2 and receivers
3 are operated under the FDMA/TDD or TDMA/TDD or CDMA scheme, these are
not excited at the same time. When the base station transmits RF
signals, the combiner 5 combines the down-link RF signals and leéd them
to the detector 21. The RF signals are amplified by the amplifier 6 and
detected by the detector 23. If the detector 21 detects the RF signals
and the output of the detector 21 is connected to the control means 25,
the control means 25 controls the linearity of the amplifier 6 compering
the output of the detector 21 with that of the detector 23 and decreases
the gain of the amplifier 7 simultaneously. The RF signals amplified
and linearized are divided by the 43A and one of the output is combined
by the combiner 8 and led them to the coaxial connectors 12A and 12B
which are terminated by the "downs-trean” antenna system 84A or 84B and
RF radiation cable 15. When a subscriber transmits RF signals, the

combiner 8A or 8B combines the up-link RF signals and gfansfers them to
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signal s intd the selected micro-cell serving area over said RF carrier; (c)
up-tink and down-1link anplification nmeans for receiving signals received by
bot h base station conmuni cati ons nmeans and subscri ber comruni cati ons neans,

other o ”Saafd*éeséﬁo%e'@%f Ch ST REat SEnd Mo ShiF Bahte GOBLLF Bepy 0
o e L e SRR £ AR, SR DARTAL
i S B e B A, A
up- Link ang ndewnry ikt BeRinb i £ @0 TB&Rded, compering the output of the
detector 22 with that of the detector 24, and decreases the gain of the
amplifier 6 simultaneously unless the detector 21 detect any RF signals.
The said RF signals are combined together by the combiner 5 and are lead
to the coaxial connector 11 which is terminated by the "upstream”-
coaxial cable and/or antenna system. The control process are continued
adaptively and the control parameters are memorized even during the
power supply is failed. Some of the detectors may be eliminated
according to the aesign progress. The control means 25 is at least
supervising the conditions which cause any self oscillating condition by
compering these outputs from the detectors 21, 22, 23, and 24 and if the
conditions exceed the limits, the control means 25 deicreases the gain
of amplifiers 6 and 7 immediatcly. [If the more combiners are provided,
the more coaxial cables and/or antenna systems and/or RF radiation

cables can be connected to serve the different directions of the serving

areas.

FIG. 4 is a blockdiagram of the detector 21 which includes a
directional coupler 44, a coupling loop 46, a terminated load 48, a
detecting diode 45, and a by-pass capacitor 47. When the RF signals is
applied from the terminal 30 to the terminal 31, a portion of them is
coupled by a loop 46 and which is detected by a diode 45 and by-pass by
a capacitor 47 and led to the terminal 35. Another end of the loop 46
is terminated by a load 48. If the RF signals are given to the terminal
30, then the most of the RF signals are transfered to the terminal 31.

Some amount of the RF signals are coupled to the loop 46 and detected
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3a The i avention provides a new and i nproved apparatus for anplifying the
RF signals to/froma base situation to enhance the coverage of the serving
area where the obstructions ot herw se reduce the RF signal levels, and for
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detectors detect the envelope or amplitude of the RF signals, but these
detectors may detect the phase and/or frequecy modulated signals over

the RF signals and output the other signal schemes.

FIG. 5 is a blockdiagram of the control means 25 which includes A/D
converters 51 ~54, D/A converters 55 and 56, a control circuit 57, a
random access memory (RAM) 58, and a read only memory (ROM) 59. When
the detector 2! detects the RF signals and output the DC voltage and/or
other signal schemes to the terminal 35, the output signal is converted
from an analog signal to a degital signal by A/D converter 51. By the
same manner, the output signals from detectors 22, 23, and 24 are
converted from an analog signal to degital signals by A/D converters 52
~54. The control software is burned in the ROM 59 and according to
which the linearity and/or gain of amplifiers 6 and 7 are controlled
through the D/ﬁ converters 55 and 56. These coutrbl parameters are

memorized in the RAM 58 even when the power supply is failed.

FIG. 6 is a blockdiagram of the amplifiers €6 or 7 which are usually
constructed with only straight amplifiers 61 and 66. Besides of the
straight amplifiers 61 and 66, mixers 62 and 65, a local oscillator 63,
and a filter 64 are added. When RF signals are applied to the terminal
31, these RF signals are amplified by the amplifier 62, converted to an
intermediate frequency by the mixer 62 combining the local frequency
generated by the local oscillator 63, filtered by the filter 64,
converted to an original frequency by the mixer 65 combining the local
frequency generated by the oscillator 63. and then amplified and
transfered to the terminal 32 by the straight amplifier 66 which gain is
controlled through the terminal 36.
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extremely hi'gher efficiency in the channel usage. The anplifier system nust
have the sufficient isolation between up-link and down-link anplifiers to
anplify and re-transmt the RF signals assigned for the PHP systens or PCS
so as to avoid an undesired self-oscillation caused by the over-coupling
bet ween up- | i Kkt arfe f@oomed |tﬁkrbfrrp|7r fhaergay| i pepedtegnfdkyend OB dppheat us

i ncl udes an up-stream a cabl e and/or RF radiatiopn cables and/or
ant enna sy%etcé’ﬁﬁd?'?bé’ét‘%mté’a/a t’de ol AR kT oy éﬂ?o‘}?“F‘SFt?deé@i”?/'i‘E& dade station

transmttifgg {REcReoRb O0A D18 QAL 02 hE e roMA/TOD or TOMA/TDD or COMA
transmitters 2 and receivers 3, and a telephone line combiner 1, through
mutually isolated coaxial cables 13A/13B and 14A/14B and 15A/ 15B. The
bothway RF repeater 92A and 928 includes. as depicted in FIG. 8(A) and
8(B), amplifiers 6 and 7, dividers 43A and 43B, a combiner 8. and
coaxial connectors 11A, 11B, 12A, 12B and 12C, though the bothway RF
repeater 92B includes an additional coaxial connector 12D instead of a
combiner 8. Since the transmitters 2 and receivers 3 have isolated
terminals 10A and 10B and are operated under the FDMA/TDD or TDMA/TDD or
CDMA scheme, these transmitters ans receivers are isolated enough and
not excited at the same time. When a base station 81 transmits RF
signals, these RF signals are sent through coaxial cable 13A and
transfered to the terminal 11A. These RF signals are amplified by the
isolated amplifier.S. divided by the divider 43A, combined by the
combiner 8 and led to the coaxial connector 12C which is terminated by
the "downstream” antenna system 84. And another side of the divider 43A
is terminated by the connector [2A. When a subscriber transmits RF
signals, the combiner 8 and divider 43B led the up-link RF signals to
the isolated amplifier 7. After amplified, the RF signals are led to
the isolated terminal [1B, connected to the isolated coaxial cable 118,
and then lead to the receiver 3 in the base station 81. Since all
circuits except combiner 8 in the bnthway RF repeaters 92A are isolated
enough, there are enough margins to avoid an undesired self-oscillation

caused by the over-coupling between up-link and down-link amplifiers.
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4 bas€ stat'ion, and a "downstreant coaxial cable and/or antenna system
and/or RF radiation cable directed toward subscribers within the m cro-cel
serving areas. Such coaxi al cabl es and/or antenna systens and/or RF

radi ati on, cahl es (or |eaky coaxial cables) are provided to transfer and/or
radi at e F@“gi‘éh%\’lss%teé)"??'bntnhteﬁ% RAj38eFserdsewi thin a mcro-cell serving

area. 98 + 2L + T/R > 26

Where; S = Isolation of the combiner 8 in dB
L = Loss of the coaxial cables 14A and 148 in dB
T/R = Loss between Transmitter and Receiver in dB
G = Gain of the amplifiers 6 and 7 in dB

Since the gain of the amplifiers is set equal to the loss of coaxial
cables (2L=2G)., (2S+T/R)dB is a margin to avoid an undesired self-
oscillations. If more combiners and dividers are provided in a RF
repeater, RF signals can ﬁe distributed to the multiple directions.
Since the bothway RF repeater 92B, as depicted in Figure 8(B), includes
a coaxial connector 12D instead of the combiner 8, two isolated
"downstream” antenna system and/or RF radiation cables can be connected
to ensure the larger isolations between up-link and down-link amplifiers

than that of the combiner 8.

With reference to FIG. 9, bothway RF repeaters 92A and 92B of the
third embodiment of the invention are connected toward a base station
81, which consists of one or more FDMA/TDD or TDMA/TDD or CDMA
transmitters 2 and power amplifiers 16 and receivers 3, a RF combiner 4,
and a telephone line combiner 1. through the common coaxial cables 13
and RF radiation cables 14 ans 15. The RF radiation cables 14 and 15
radiates RF signals toward the virtical direction from the surface of
the cables and couples RF signals to the subscribers and ensures Radio
communications between the base station and subscribers. The bothway RF
repeater 92A includes, as depicted in FIG. 10(CA), an amplifier 7, an RF

__signal ditector 23, combiners 5 and 8, coaxial connectors 11 and 12, and
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The anplifier systemincludes at |east two nutually isolated anplifiers and
optionally a control neans for ensuring the sufficient isolations between
up-link and down-link anplifiers to avoid an undesired self-oscillation
caused by an over-coupling between up-link and down-link anplifiers. In one
enbodi neat ¢omne | cogamsn 25up-Sitnceablie coaxsmit teonhemtior eded veonhemnte apenavddal
cable and/or RF radiation cable directing toward a base station, and one or
nore "dowhder daat FIGEIDEI 0 c JINAET D 9t BDorsbene.onbess amer @0 ceaxii b d calbl es

and/ or antenna systens and/or RF radiation . o
the same time, but the power output of the transmitters 2 are amplified

several times by the high power amplifiers 16. When the base station
transmits RF signals, the combiner 5 combines the down-link RF signals
and leads them to a detector 23. The RF signals are big enough and need
not to amplify with an amplifier in the RF repeater 92A and/or 928B. if
the RF signals are detected by a detector 23, the control means 25
decreases the gain of the amplifier 7 simultaneously. The RF signals
are combined by the combiner 8 and are led to the coaxial connector 12
which is terminated by the "downstream”™ RF radiation cable 14. Wheh a
subscriber transmits RF signals, the RF signals are coupled to the RF
radiation cable 14 and the combiner 8 combines the up-link RF signals
and transfers them to the amplifier 7 and then detected by a detector
22. When the detector 22 detects the RF signals, the control means 25
decreases the gain of the amplifier 7 simultaneously. The RF signals
amplified are combined by the combiner 5 and led them to the coaxial
connector 11 which is terminated by the "upstream” coaxial cable. These
control process are continued adaptively as described above. The
bothway RF repeater 92B, as depicted in FIG. 10(B), the detector 21 and
amplifier 6 are added to the above bothway RF repeater 92A which
amplifies the down-link RF signals though it is pre-amplified by the
power amplifier 16, since the repeater 92B is located far from the base

station 81.

With reference to FIG. 11, a bothway RF repeater 92 of the fourth
embodiment of the invention is coupled toward a base station 81, which
consists of one or more FDMA/TDD or TDMA/TDD or CDMA transmitters 2 and

receivers 3, a RF combiner 4, a "down-stream” antenna system 13, and a
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cabl €s: are provided to enhance and/or distribute the RF signals into a
plurality of the mcro-cell serving area. Two isolated up-link and down
-link anplifiers anplify the RF signals. Wen a detector detects the RF
signal s tr dfro the base station, ,the control means incre

mtt es the
down- | i nk® W%W”Fl fmbéPH S dectbevgd {hE "Up- ?‘ﬁ@madﬁﬂfﬂﬂérsﬁ%FH 83k
e TV D TS S ST ST
R bt A SRR R e R B
~24, coaxial connectors 11A, 11B, 12A and 12B, and a control means 25.
The "down-stream” RF radiation cables and/or antenna sytems 84A and 84B
are connected to the connector 12A and 12B to couple through RF signals
with subscribers within the micro-cel! serving area. Since one or more
transmitters 2 and receivers 3 are operated under the FDMA/TDD or
TDMA/TDD or CDMA scheme, these are not excited at the same time. When
the base station transmits RF signals, an antenna 83A receives the RF
signals from the base station and which is transfered to a detector 21
which may be installed at the middle stage of the amplifier 6. The RF
signals are amplified by an amplifier 6 and detected by a detector 23.
[f the detector 21 detects the large RF signals, the control means 25
controls the linearity of the amplifier 6 compering the output of the
detector 23 with that of the detector 21, and decreases the gain of the
amplifier 7 simu{taneously. The RF signals amplified and linearized are
led to the coaxiil connector 12A which is terminated by the
"down-stream” RF radiation cables and/or antenna systems 84A. And a
subscriber can receives these RF signals accordingly. When a subscriber
82 transmits RF signals, the "down-stream” RF radiation cables and/or
antenna systems 84B receives the up-link RF signals and transfer them to
a detector 24 which may be installed at the middle stage of the
amplifier 7. The RF signals are amplified by an amplifier 7 and then
detected by a detector 22. [If the detector 24 and 22 detect the up-link
RF signals, the control means 25 controls the linearity of the amplifier
7 compering the output of the detector 22 with that of the detector 24,

and decreases the gain of the amplifier 6 simultaneously if the detector

21 does not detect larger RF signals. "The RF signals amplified and

—
(S]]
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means 'decreases the anplifiers gain i mediately. In the second
enbodi nent, nutually isolated coaxial connentions to connect the coaxial
cabl es and/or antenna systens and/or RF raditation cables directing toward
a base station. and one or nore "downstreant coaxial connectors to connect
one or norigegoiaeidaby cHtd egphntiieor Tamterird sy sthensoawidl ororREct adi Bt ehich
cables are provided to enhance and/ or

is terminated by the "up-stream” antenna system 83B. These controls are

continued adaptively and the control parameters are memorized even when

the power supply is failed. Some of the detectors may be eliminated

according to the design progress.

With reference to FIG. 13, bothway RF repeaters 92A and 92B of the
fifth embodiment of the inventions are connected toward a base station
81, which consists of one or more FDMA/TDD or TDMA/TDD or CDMA
transmitters 2 and receivers 3, and a telephone line combiner 1. through
isolated coaxial cables 13A and 13B and/or 14A and 14B. The bothway RF
repeater 92A and 92B includes bothway amplifiers 6 and 7. a combiner 8,
directional couplers 43A and 438, and coaxial connectors 11A, 11B, 12A
and 12B, though the bothway RF repeater 92B includes the coaxial
connector 12D instead of the combiner 8. Since the transmitters 2 and
receivers 3 are isolated at the terminals 10A and 10B, and are operated
under the FDMA/TDD or TDMA/TDD or CDMA scheme, these are isolated enough
and not excited at the same time. When the base station transmits RF
signals, the signals are transfered through the coaxial cable 13A and
reached to the terminal [1A. These signals are coupled with the
directional coupler 43A and amplified by the isolated amplifier 6,
combined by the combiner 8, and led to the coaxial connector 12C which
is terminated by the "down-stream” antenna systems and/or RF radiation
cables 84A. When a subscriber 82 transmits RF signals, the combiner 8
combines the up-link RF signals and led to the isolated amplifier 7.
After amplified, the RF signals are led to the directional coupler 43B
and then isolated terminal LIB. The RF signals then sent out to the
isolated coaxial cable 13B. and led to the receivers 3 in the bése

station 81. Since the all circuits except combiner 8 in the bothway RF
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distribute the RF signals into a plurality of the mcro-cell serving area.
Two isolated up-link and down-link anplifiers anplify the RF signals.

When a detector detects the RF signals transmtted fromthe base station,
the control means jncreases the down-link anplifier gain and decreases the
up- i nk affAGatEEs YA Arei mnlednddugught o gyeiar cafnfdedpf s to avoid an
sel f - OSCI||<?H on astbove cribed Erocedgres or t e control neans is at

| east supBHASITRY 38 'Bﬁ%ﬂlqtﬁb% sER Vadde %Vlfdhcg‘éﬂ fLIgS s hHespi Wy I ink
cond|t|0n§n0b36099np§‘rkl Qﬁ? Lt}ei?;sout(%@grs% ch%[; e%ebe amert% 9nadre',f t he

condi ti ons exceed the
28 + 2C + 2L + T/R > 26

Where; S = Isolation of the divider 8 in dB
C = Loss of the directional coupler in dB
L = Loss of the coaxial cables 14A and 14B in dB
T/R = Loss between Transmitter and Receiver in dB
G = Gain of the amplifiers 6 and 7 in dB

Since the gain of the amplifiers is set equal to the loss of coaxial
cables, (2St2C+T/R) dB is a margin to avoid an undesired
self-oscillations. This method is applicable for the usage of common
coaxial cables as in FIG. 2 or 9 with a common directional coupler.
Since the bothway RF repeater 92B includes a coaxial comnector 12D
instead of the combiner 8, two isolated "downstream” antenna systems
and/or RF radiation cables can be connected to ensure the larger
isolations between up-link and down-link amplifiers than that of the

combiner 8.

With reference to FIG. 14, an antenna structure which constructed in
accordance with this invention includes a ground plane 71, a shielding
box 72, a herical antemna 73, and a coaxial connector 1l. Standing
waves are so offten observed under the indoor radio propagation
conditions and these degrade the quality of the indoor radio
communications. [f an antenna has a ground plan 71, such standing waves
always generate the "zero potential” at the surface of the ground plan

71 ance this type of antenna i1s designed by considering the fact that
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dei creases the anplifiers gain imediately, In the third enbodi nent, inputs
and/or outputs of a plurality of base stations are conbined and distributed
toward the bothway RF repeaters, which are installed in a building, under
ground. on a top of poles, and/or on an overhead wre, cable, to ensure an

extrenelyhhﬂwﬁeéifdbﬂénéQGdﬂ“@ﬁﬁﬁﬁéﬁaﬁéa@balWﬁ@ |ﬁ@€%t|@ngP%dd§FﬁPEH“but
particularly in the a pended clal .. The a ove and fur nt
the i nveﬂflé‘r? \R/FI ?‘35‘@ Beftfer? ' Jﬁﬁ%r@t‘ﬁéd"‘w AETE €Nt 'n(I t.{ﬁcgl T’g%ad %svggl ed
descri ptions of »
are ex13t1ng To minimize the connection loss between the "down-stream”
antenna system and a bothway RF repeater and to keep a compact size, it
is gssential to put a bothway RF repeater within a shielding box 72.
Instead of a herical antenna, other types of ground plan type antennas

are applicable such as an ground plan array antenna. a parabolic

antenna, corner refrectorantenna, patch antenna, or etc.

With reference to FIG. 15, a base station which constructed in
accordance with this invention includes telephone line interface
circuits 1, two or more FDMA/TDD or TDMA/TDD or CDMA transmitters 2a,
2b and 2c. two or more FDMA/TDD or TDMA/TDD or CDMA receivers 3a, 3b and
3¢, a transmitter combiner 4A, a receiver divider 4B, and isolated
coaxial connectors 10A and 10B. Comparison table is shown hereunder
which describes the number of TDMA/TDD transmitters and receivers vs
traffic capacity., when the TDMA/TDD has 4 time slots, and one control
slot per one base station is assigned, and 1% of blocking rate is
applied. As shown in the Table, if the Transmitter outputs and
Receiver inputs are combined and/or divided, the traffic capacities are
increased drastically according to the incriment of the number of

Transmitters and Receivers.

No. of B/S Stand alone B/S Combined & Distributed
1 0.45 Erlang | 0.45 Erlang
2 0.45 x 2 = 0.9 2.48 x 1 = 2.48
3 0.45 x 3 = 1.35 5.1 x 1 =65.1
4 0.45 x 4 = 1.8 8.0 x1=28.0
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Il lustrati.ve enbodi nrent taken in conjunction wth the acconpanyi ng

drawi ngs, in which: 6 FIG 1 is an installation schene of the bot hway
RF repeaters in accordance with the invention; FIG 2 is a system bl ock
di agramincl udi ng a bothway RF repeater

Another problem area for the digital signal transmissions over the
radio (requencies is the bad Bit Evrror Rate under the delay spread
circumstances caused by Lhe multi-path propagations. A RF radiation
cable (or a Leaky coaxial cable) and/or a RF radiation wave guide are
very much effective to eliminate such probiem and to ensure the good Bit
Error Rate even under the delay spread circumstanses. For such purposes
Coaxial cables and/or antenna systems shown in FIG. 1, 2, 7. 9, 1l and
13 can be replaced by a RF radiation cable (or leaky coaxial cable) or a

RF radiation wave guide or similar means.

When the Listen-before-talk is required, either a base station or
subscriber must monitor the RF carriers wehter occupied or not. When
the transceivers and receivers are operated under the FOMA/TDD or
TDMA/TDD or CDMA. scheme, the receiver in the base station must have the
capability to monitor the RF carrires even if the transmitter, which is
located close to the said receiver. is transmitting the RF signals. and
which may desensitaize the receiver sensitivity. The separated antena
systems and/or RF radiation cabies as depicted as the bothway RF
repeater 92B in FIG. 7 or FIG. 13 are very much effective to resolve

these problems.
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construc

bot by o Peﬁééﬁﬂmﬂtlﬂllmllﬂllﬂﬂﬁlll.”éﬁﬂéi Gance wi th the i nvention FIG 4

is ablo
i nventio
accor dan
of anpli

ck d|agran1of a“ détedtof cbnstructed in accordance with the

FIG 5 is bl ock diagram of a controller constructed in
2@‘% tf ¢ Heimedyahtedhan I@S’(‘Sefist%bﬁlwléﬂa‘w &t b rsaf adpbt hisr t ype

fier constructed in accordance with the invention;

1. For use in a Personal Handy Phone system or in a Personal
Communications System or DECT system, a bothway RF repeater for
combining and distributing and/or enhancing one or more FDMA/TDD or
TDMA/TDD or CDMA carriers. to get a higher efficiency of the frequency
usage in a serving area and/or to ensure a good quality of the
communications between a base station and a subscriber. the said bothway

RF repeater comprising:

(a) isolated up-link amplifier and down-link amplifier to amplify
RF signalé;

(b) isolated up-link connector and down-link connector to connect
mutually isolated coaxial cables and/or antenna systems and/or
RF radiation cables directed toward a base station; and

(¢c) isolated up-link connector and down-link connector to connect
mutually isolated coaxial cables and/or RF radiation cables
and/or antenna systems directed toward subscribers and/or next

stage of the bothway RF repeater.

2. For use in a Personal Handy Phone system or in a Personal
Communications system or DECT syster, a bothway RF repeater for
combining and distributing and/or eahancing one or more FDMA/TDD or
TDMA/TDD or CDMA carriers, to get a higher efficiency of the frequency
usage in a serving area and/or to ensure a good quality of the
communications between a base station and a subscriber, the said bothway

RF repeater comprising:
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FIG 7 | | U|H|agran1including a bothway RF repeater of the
second e nvention; FIG 8 is a block diagram of a bot hway
RF repeater of the second enbodi ment of the invention;, FIG 9 is a system
bl ock di agramincluding a bothway RF repeater of the third enbodi ment of

t he inventi on(a)FIl@01109d gral biloain di Bigram of denb bt Hwappe R ire¢peatamw 1ofy t he

third enbodi nent_ of the I nvention; FIG 11 is a system bl ock di agram

i ncludi ng a bot fiay i 82 Iseépeat er

(b) isolated up-link connector and down-link connector to connect
mutually isolated coaxial cables and/or antenna systems and/or
RF radiation cables directed toward a base station; and

(c) one or more combiners and/or dividers to combine and/or divide
the safd up-link amplifier and down-link amplifier, and to
connect one or more "down-stream” antenna systems and/or RF
radiation cables directed toward subscribers, and/or one or
more common and/otr mutually isolated coaxial cables directed

toward the next stage of the bothway RF repeaters.

3. For use in a Personal Handy Phone system or in a Personal
Communications Systems or DECT system, a bothway RF repeater for
combining and distributing and/or enhancing one or more FDMA/TDD or
TDMA/TDD or CDMA cafriers, to get a higher efficiency of the frequency
usage in a serving area and/or to ensure a good quality of the

communications between a base station and a subscriber, the said bothway

RF repeater comprising:

(a) isolated up-link amplifier and down-link amplifier to amplify
RF signals;

(b) one or more combiner and/or divider to combine and/or divide
the said up-link amplifier and down-link amplifier, and to
connect one or more common and/or mutually isolated coaxial

cables and/or RF radiation cables directed toward a base station;

and
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of the u lmwmﬂmt of the invention; FIG 12 is a block diagramof a
bothma he fourth enbodi nent of the invention; FIG 13 is a
bl ock d|agfa of"a %oﬂhway RF repeater of the fifth enbodi nent of the
invention; FIG 14 is an antenna structure constructed in accordance with
the inventiontc)anso Fated us liigkacwiieskodi aigr 48y bT! idXbedieest ak i tn CevHY!r uct ed

in
mutually isolated coaxial cables and/or antenna systems and/or

RF radiation cables directed toward subscribers.

4. For use in a Personal Handy Phone system orin a Personal
Communications System or DECT system, a bothway RF repeater for
combining and distributing and/or enhancing one or more FDMA/TDD or
TDMA/TDD or CDMA carriers, to get a higher efficiency of the frequency
usage in a serving area and/or to ensure a good quality of the
communications between a base station and a subscriber, the said bothway

RF repeater comprising:

(a) isolated up-link amplifier and down-link amplifier to amplify
RE signals;

(b) one or more combiners and/or divider to combine and/or divide
the said up-link amplifier and down-link amplifier, and to
connect one or more common and/or mutually isolated coaxial
cables and/or RF radiation cables directed toward a base station;l
and

(¢) one or more combiners and/or dividers to combine and/or divide
the said up-link amplifier and down-link amplifier, and to
connect one or more "down-stream” antenna systems and/or RF
radiation cables directed toward subscribers, and/or one or more
common and/or mutually isolated coaxial cables directed toward the

next stage of the bothway RF repeaters.
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7 accor’danig :"U"lmﬂmnmg on: FIG 16 is a block diagramof a Prior art
of cell en " rence to FIG 16. which depicts a cell enhancer
as described in the 'f o effenti oned U.S. pat ent application Ser. No. 787.332

a prior art cell enhancer includes an antenna system 83 which is directed
for the base st dt bohhvay. RE seeend: st dofidnalysneed B4 Whithdi gnd 4. wherein

said amplifiers comprising:

(a) isolated up-link amplifier and/or down-link amplifier to
amplify RF signals:

(b) one or more detectors to detect the RF signal levels and/or
modulated signals of the up-link amplifier and/or down-link
amplifier; and

(¢) control means to control the gain and/or linearity and/or

output level of the said amplifiers.

6. A bothway RF repeater as defined in claim I, 2, 3, 4 and 5.
wherein the said amplifiers comprising a straight amplifier and/or a

mixer and bandpass filter.

7. A bothway RF repeater as defined in claim 2, 3 and 4{ wherein
said divider and/or éombiner comprising a circulator. an electronic
switch, a multi-branch divider and/or combiner, a hybrid circuit, a

directional coupler, and/or equivalent circuits.
8. A bothway RF repeater as defined in claim 5 wherein:

(a) said detector means are set on the input stage, middle
stage, and/or output stage of the amplifiers; and
(b) said control means at least control the output level of the

down-link amplifier and/or the gain of the up-link amplifier.
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directed for li"tijsl!uuﬂgr"ﬁmz in an obstructed regio and an anplifier 91
whi ¢h receive i m t he base station 81 by the way of antenna
system 83. anplifies them and transmts theminto the shadow region

t hrough antenna system 84. |In addition, the cell enhancer 92 receives

signal s from gubgcrstiang BR depebber SRadem 1eagipre llhnouglz, apt@nna §ysiem 84.
anplifies themand transmts themto the base station 81 through antenna

system 83. s d taheened Isysnbmaenp s dgphetad i-ot fdGhgIeavet RE egqelpitibermeédhsi s
a single wideband anplifier that is capable of anplifying all frequency
which has a ground plane and/or refrector and a radiating element and/or

slot, and further comprising;

(a) an array antenna with refrector; or

(b) a parabolic antenna or a corner refrector antenna; or

(¢) other type of antenna which has a ground plane and/or

refrector; or

(d) a RF radiation coaxial cable (or leaky coaxial cable) and/or a
RF radiation wave guide and/or similar structures which have an
outer (ground) conductor and radiating slots; or

(e) a RF radiation cable which has an inner (ground) conductor and

radiating surfaces.

10. A bothway RF repeéter as defined in claim 1, 2, 3 or 4, wherein
the coaxial cables, antena systems and/or RF radiation cables

comprising;

(a) the RF transmission and/or radiation/reception means which
constitute the RF.radiating/receiving elements and/or slots
consecutively and/or intermittently in a line; and/or

(b) the RF transmission and/cr radiation/reception means which are

mutually isolated between up-link and down-link circuits.
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carriers Ill"’"“#'"("ﬂ”mﬁ“ -megahertz radi o frequency bands allocated to
t he ~cel | ular senvi ee, s

band being for down-link transm ssion fromthe
base station 81 to the subscribers 82 and the other band being for up-link
transm ssion fromthe subscribers 82 to the base station 81. A duplexer 87
connect ed to hht dnhatlyast &k B eaiesuyh dg fénethdet bla igs Iy ebeidvasd radivbercin

frequency signg!s fromthe antenna systemand transfers those in the
appropri at 82870P%%6 85! 4PeGARRI 1 "8and to a second dupl exer 89

(a) one or more transmitters and receivers operated in the FDMA/TDD
or TDMA/TDD(Frequency Division Multiple Access or Time Division
Multiple Access/Time Division Duplex) or CDMA(Code Division
Multiple Access) scheme; and

(b) combiner and/or divider to combine and/or divide one or more

tansmitters and/or receivers.

12. A bothway RF repeater as defined in claim 1, 2, 3 and 4, wherein

said bothway RF repeaters are:

(a) installed within a building, under ground, on a top of the
pole. on an overhead wire cable, and/or on a constructed
structure; and/or

(b) connected toward a base station in series and/or in parallel

through coaxial cables and/or RF radiation cables; and/or

(¢c) supplied the electric power through the inner conductor and/or

outer conductor of said coaxial cables and/or RF radiation

cables.

(d) composed with the CATV signals and/or other signals through

RF transmission cables.
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8 Dupl éxer 89 al so has a second input termnal which receives radio
frequency signals from anot her duplexer 88. in one of the bands 825 to 845
megahertz, from antenna systen 84 originating at a subscriber 82. Duplexer

89 coupl es the radio-frequenc nals in the sel ected bands from both
dupl exers 87 and 88 to an in TREFki0RAT I 15C Epand anplifier 91.

A bothway RF repeater for use in a Personal Handy Phone system or
in a Personal Communications System (hereinafter refered to as a PHP
system or PCS) or in the Digital European Cordless Telephone (DECT),
which are operated under the FDMA/TDD or TDMA/TDD or CDMA scheme,
includes a "up-stream” coaxial connector to connect a common coaxial
cable and/or two mutually isolated ccaxial cables and/or an antenna
system directed toward a base station, and two mutually isolated
amplifiers for amplifying up-link and down-link RF signals, and a
control means for ensuring that avoids an undesired self-oscillations
caused by an over-coupling between up-link and down-link amplifiers, and
the "down-stream” coaxial connectors to connect one or more coaxial
cables and/or antenna systems and/or RF radiation cables directed toward

the subscribers within the micro-ce!l serving areas.

The control means further includes at least one RF signal detector
and a control circuit, which controls the linearity, output level,
and/or gain of the said amplifiers. By using the control means, the
down-link amplifier gain is increased and the up-link amplifier gain is
decreased simultaneously when the detector on the down-fink amplifier

detects the RF signals which is transmitted from the base station.

Moreover, the said bothway RF repeaters are installed within a
several stray building. under ground on a top of poles, on an overhead
wire cable, and/or on a constructed structures, not only for enhancing
the coverage of the base station but also for ensuring the extreamly
higher efficiency of channel usage by distributing the combined RF

signals from a plurality of the base stations.
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After being*anplified by the wi deband anplifier 91, the signals are coupled
to the input term nal of another dupl exer 90. Dupl exer 90 coupl es the
portion of the signals in the 825 to 845 negahertz band to an input

term nal of duplexer 87 which couples the signals to antenggssysireim 83 for
transm ssion to the base station 81. The dupl exer 90 al so couples the
portion of the signal fromthe w deband anplifier that is iggthe 870 to 890

megahertz band to an input term nal of—@dipl exgr 88. which phes the
signal to antenna system 84 for trghs#d u-g-nﬁn-t-g—t-he—s-h-ai ' aki
— yiid
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Wth rekerehce to FIG 1, bothway RF repeaters 92A and 92B constructed in
accordance with this invention are installed on a top of poles 101A and
101B, and connected toward the base station 81 through coaxial cables 13,
14 and RF radiation cable 15. RF signals transmtted fromSliEer babe station
81 is send through the coaxial cables 13, 14 and RF radi ation cable 15
(nmust be equal length to the base station if to gét the equal tinme del ay)
to bothway RF repeaters 92f@nd-92B--and-anprtfred-and radi ated through
antenna to the subscribers 82. Since t)ie RF.signals fiomthe base station
8l is attenuated by the | oss of the i
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coaxi al, «cabl es 13 and 14. the bothway RF repeaters 92A and 92B nust anplify

the RF signals up to the required signal level. RF signals transmtted from
subscribers 82 are pre-anplified by the bot hway 9 repenter 9%%1 gnd

92A, and transfered through to the base station 81. The amttahrafg
perfornms Mcrocell serving Areas
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to serve'thkse subscribers within these Areas. Instead of the antenna
systefs and/ or coaxial cables. RF radiation cables (or |eaky coaxial cable)
can be used to radiate the RF signals to/from subscribers. Wth reference
to FIG 2. bothway RF repeaters 92A and 92B constructed in agi¢br daice with
this invention are connected toward a base station 81. which consists of
one or nore FDMA TDD or TDMA/ TDD or CDVA transmittgns 2 and receivers 3. a
RF conbi ner/ di vi der 4;--and-a‘+-et-ephore--+ine-cemdriier-~t; through a comon
coaxi al cable 13. 14 amePeR¥fERr adi ation cabjze ?5. The bpthway RF repeater

92A and 92B i ncl udes, ias i
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depicted i*n FIG 3. anplifiers 6 and 7. RF signal ditectors 21-24.

conbi ners 5 and 8A/ 8B, dividers 43A and 43B, coaxial connectors 11 and
12A/ 12B, and a control neans 25. Since the transmitters Zsﬁ?ﬁsrﬁ(:@i vers 3
are operated under the FDV TDD or TDVA/ TDD or CDMA schene, ese are not
excited at the same time. Wen the base station transnmts RF signals, the
conbi ner 5 conbines the_ down-1ink RE signals_and.f’éad themto the detector

21. The RF signal st lified by the,agplifier 6 and detected by the
detector 23. If the!%ﬁ‘%ﬁ }ife %%h RF signaas and the output of
t
4 DT

r S
the detector 21 is cennec % t 0 on | _neans 25.1
11A~C<g -1 DT E AﬁP. =024

1

: T I I :
, QA5 (6 Ot :
' !
; CONT !
: ROL | —25 !
: CPU ,
] | !
; ([)oaa_ (%%9 (!Ho :
1180 DT r(g— ANP. -\? DT ———@«——2 128
; YR TR T :

=
«
—
=

— Tx @ /O—E O ZQ_%_ —
-(?HOA 14t s \!{m ifh! 13 ' T24

q
LINE 8§ i A Ry HB i 1
i Rx - © . . .
i L -GiKmB 1{{ I’st: B 116 Leasg 28
[ i b ceme) e ceecsamen 4
FIG. 13
/71
13
12 é
— COO
11
FIG. 14

This Sheet Has Been

T



t he. qpnirol means 25 controls the linearity of the anplifier 6 conpering

~ the” output of the detector 21 with that of the detector 23 and decreases
the gain of the anplifier 7 sinultaneously. The RF signals anplified and
|l inearized are divided by the 43A and one of the output is conbined by the
conmbiner 8 and led themto the coaxial connectors 12A and IPBTwhorkk are
termnated by the "downstreant antenna system 84A or 84B and RF radiation
cable 15. Wen a subscriber transmts RF signalis. the conbiner 8A or 8B
conbi nes the up-link RF S|gnalg-aﬂd"{faﬁs+efs- ttremmto
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' _ .. TomIstE TS
101&36&&ﬂ&ﬁeﬁmﬁélhggough di vider 430. The RF signals are anplified by an

anpl en detected by a detector 22. |If the detector 24 and 22
dete RF signals, the control neans 25 controls the linearity
of the anpli i f needed, conpering the output of the detector 22 with

that of the detector 24. and decreaseslhe gain of the anplifier 6

simul taneously WphRAY H“GkL‘F"Eh‘ﬁﬁ&%&iﬁfﬁfﬂiﬁtgﬁMﬁﬁﬁ'o@Q%%m

REPLACED SE

Ha: url"
1o

, 5 "r‘x‘v}ﬂ’ \\} D page 2
‘?j Abstract :paged .2 to pay

f\‘“ "'7‘!“{} !{\r.

The invention relates generallv to the fteld of ampleytng
facilities for RF (Radio-Frequency) signals which are transmitted/
received to/from one or more FDMA or TDMA/TDD or CDMA base stations, and
more specifically relates to the facilities to amplify the combined
FOMA/TDD or TDMA/TDD or CDMA RF carriers for enhancing the serving area
of PHP system or PCS which serving area is sometime limited by some
obstructions such as walls and/or ceilings that b}ock RF signals, and to
distribute them for ensuring the extreamly higher efficiency of the
channel usage. When the bothway RF repeaters are applied for combining
one or more FDMA/TDD or TDMA/TUD or CDMA carriers and distributed them
within a plurality of the micro-cell serving area, the traffic capacity
(consequently efficiency of channel usage) of the RF carriers is grately
impropved, comparing that when these FDMA/TDD or TDMA/TDD or CDMA
carriers are not combined and operated as an independent micro-cell

serving area.

PHP systems (in other words. "PCS"=Personal Communications sytem or
"PCN"=Personal Communications Network) have recently been introduced in
a number of outdoor and/or indocr areas to provide wireless public
telephone coverages for people who need to have accessto public
telephones from either inside or outside of their offices or who are

otherwise inconvenient to approach to the public telephones that are

public telephone lines.
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The said conbi ned together by the conbi ner 5 and are lead to
t he coaxi lﬁﬂm jﬂm 1 which is termnated by the "upstreant coaxi al
cabl e an stem The control process are continued adaptively
and the control paraneters are nenorizeg even during the power supply is
failed. Some of the detectors may be elimnated according to the design
progress. Thé @ofifr sVshths BES.i enaerdacastdiviged virgiony nheadohyiafi ons
whi ch cause Eny self oscjllating gondition by conpering these outputs from
the detecPdls r8810n% 053 mighg-oul landedgh pheli6hdi ¥ icONET &k dedethad oM nit s,
the control s,25 dei creases the gain

powegn%?BmW) traném{tters. Curréntly, PHP system or PCS services is

being provided on the 1.9 GHz frequency bands and operated in the

FOMA/TDD or TDMA/TDD or CDMA scheme. And one set of the transmitter and

receiver shares the same frequency carrier by dividing the time domain

into two divisions. One of the divisions is used for "down-link’

transmissions from a base station tc the subscribers. The "micro-cell

site” is the location of the antenna from which the transmissions are

effected for the micro-cell. Another time division is used for "up-

link” transmissions from the subscribers within the micro-cell for

reception by the base station receiver. And currently, a stand-alone

base station is set on the central of the micro-cell site. Each

frequency carrier assigned for the PHP system has a 300 kilohertz

bandwidth and for the CT-2 system has a 100kilohertz bandwidth.

U.S. Patent Application Ser. No. 787.332 discloses several
embodiments of a cell enhancer system. having an amplifier in various
configurations for réceiving, amplifying, and re-transmitting down-link
signals from a cell site into an obstructed area, and also for receiving
up-link signals from subscribers in the obstructed area, amplifying them
and re-transmitting the amplified signals to the cell site. 1In one
embodiment disclosed in that application, a single wide-band amplifier
has an input terminal that receives both up-link and down-link signals
from antennas through a duplexer network, and that transfers through
another duplexer network amplified up-link and down-link signals to
appropriate antennas for transmission. The wide-band amplifier
amplifies all signals in at least the two-cellular radio telephone

frequency bands. '
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of anplifiers 6 and 7 immediately. - If the nore conbiners are provided.
the nore coaxial cables and/or antenna systens and/or RF radi ation cabl es
can be connected to serve the different_directions of the serving areas.
FIG 4 is a blockdi agram of the detecto? 21 which includes a di rectional
coupl er 44, aPcoulEnisnga} aops46uith tRe dnatededaadedSela dei@eki ngicdi ode 45,

and a by-pass capacitor 47. Wen the RF signals is applied fron the

terninal BQltigdtiy t8enfifalsyStiemsa opoPtS.onSodce Ham eshanceapl @ ibyies | oop 46

and whi Chsiigsna gtienCtt(ﬁg ?%/ff%rgil?dfereﬁger?cnyd ngafafsosr ggﬂinks and down-links, a
duplexer network can separate the RF signals between the up-link and
down-link with very large RF isolations and the wide-band amplifier can
amplify all signals without an undesired seif-oscillation caused by the
over-coupling between up-link and down-link amplifiers. However. since
the PHP systems or PCS adopt the FDMA/TDD or TDMA/TDD or CDMA scheme.
the same frequency carrier is assigned for up-link and down-link
transmissions. and since the transmission and reception to/from a base

station are divided into two time divisions, it is unable to isolate the

up-link and down-link signals with the duplexer networks.

The invention provides a new and improved apparatus for amplifying
the RF singals to/from a base station to enhance the coverage of the
serving area where the obstructions otherwise reduce the RF signal
levels, and for distributing onée or more FDMA/TDD or TDMA/TDD or CDMA
carriers into a plurality of the micro-cell sefving area to ensure the
extreamly higher efficiency in the channel usage. The amplifier system
must have the sufficient isolations between up-link and do&n-link
amplifiers to amplify and re-transmit the RF signals assigned for the
PHP systems or PCS so as to avoid an undesired self-oscillation caused

by the over-coupling between up-link and down-link amplifiers.

In brief summary, the apparatus includes an "up-stream” coaxial
cable and/or RF radiation cables and/or antenna system directed toward a

mmNQQ§gW§}§}§gg for receiving and transmitting the RF signals to/from the
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a capécitor 47 and led to the termnal 35. Another end of the |oop 46 is

termnated by a | oad 48. If the RF signals are given to the term nal 30.
then the nost of the RF signals are transfered to the term nal 31. Sone
anount of the RF signals are coupled to,the | oop 46 and detected 11 into

t he DC vol tage. Thi s blockdlagran1dep?cts the case that the
base station. and a "down-stream” coaxial cable and/or antenna system

and/or RF radiation cable directed toward subscribers within the
micro-cell serving areas. Such coaxial cables and/or antenna systems
and/or RF radiation cables (or leaky coaxial cables) are provided to
transfer and/or radiate RF signals to/from the subscribers within a

micro-cell serving area.

The amplifier system includes at least two mutually isolated
amplifiers and optionally a control means for ensuring the sufficient
isolations between up-link and down-link amplifiers to avoid an
undesired self-oscillation caused by an over-coupling between up-link

and down-link amplifiers.

In one embodiment, one common "up-stream” coaxial connector to
connect a coaxial cable and/or RF radiation cable directing toward a
base station, and one or more "downstream” coaxial connectors to connect
one or more coaxial cables and/or antenna systems and/or RF radiation
cables are provided to enhance and/or distribute the RF signals into a
plurality of the micro-cell serving area. Two isolated up-link and down
-link amplifiers amplify the RF signals. When a detector detects the RF
signals transmitted from the base station, the control means increases
the down-link amplifier gain and decreases the up-link amplifier gain
simultaneously to avoid an undesired self-oscillation as above described
procedures. Or the control means is at least supervising the conditions
which cause such self-oscillatiuzg conditions by compering these outputs
from the detectors and if the conditions exceed the limits, the control

means decreases the amplifiers gain immediately.
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detectors detect the envel ope or anplitude of the RF signals, but these
detectors nmay detect the phase and/or frequecy nodul ated signals over the
RF signals and output the other signal schemes. FIG 5 is a bl ockdi agram of
the control nmeans 25 which includes A/D converters 51 [err]54, DA
converters 55 and 56, a control circuit §7, a random access nenory (RAM

58, and a readionhy sEsoREYcqRAVNeRO. nihem thesdefeat 052k 1des8Gkso tha RF
signals and out put the DC voltage and/ or other signal schenes to the

term nal 3Bnne¢die tbat padx iail geal | eissacdtaven s eghnfar oys tams asved /g BF gnadli t 4 vioa

degital signal by A/D converter 51. By the
cables directing toward a base stalion, and one or more "downstream"
coaxial connectors to connect one or more coaxial cables and/or antenna
systems and/or RF radiation cables are provided to enhance and/or
distribute the RF signals into a plurality of the micro-cell serving
area. Two isolated up-link and down-link amplifiers amplify the RF
signals. When a detector detecis the RF signals transmitted from the
base station, the control means increases the down-link amplifier gain
and decreases the up-link amplifier gain simultaneously to avoid an
undesired self-oscillation as above described procedures. Or the
control means is at least supervising the conditions which cause such
self-oscillating conditions by compering these outputs from the
detectors and if the conditions exceed the limits, the control means
deicreases the amplifiers gain immediately.

.

In the thired embodiment. inputs and/or outputs of a plurality of
base stations are combined and distributed toward the bothway RF
repeaters, which are installed in a building. under ground, on a top of
poles, and/or on an overhead wire cable, to ensure the extreamly higher

efficiency of channel usage.

The invention is pointed out particularly in the appended claims.
‘The above and further advantages of the invention will be better
understood by refering the following detailed descriptions of an
illustrative embodiment taken in conjunction with the accompanying

drawings, in which:
This Sheet Has Been Replaced
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saneThisbhetbpas ela(ie%ut signals fromdetectors 22. 23, and 24 are converted
from \ | to degital signals by A/D converters 52 [err]54. The
contr W8 burned. in the ROM 59 and according to which the
linearity and/or gain of anplifiers 6 and 7 are controlled through the DA
converters 55 and 56. These control paranheters are nenorized in the RAM 58
even when t hef Howdr i8uplipsial fadiibedscliRir€ o6 the ko thivog kitfi agpram afs tihe
anplifiers 6 gr 7 which are usually constructed with only straight

anpl i fi er’$C8193E ¥blh BdS dR%eIfi0Rhe straight anplifiers 61 and 66, nixers

62 d 65, a al, oscill ator ,63, . . )
an #fﬁf 2 ?s 5 system é%ock diagram including a bothway RF repeater

constructed in accordance with the invention;

FIG. 3 is a block diagram of a bothway RF repeater constructed in
accordance with the invention;

F1G. 4 is a block diagram of a detector constructed in accordance
with the invention;

FIG. 5 is a block diagram of a controller constructed in accordance
with the invention;

FIG. 6 is a block diagram of an another type of amplifier
constructed in accordance with the invention;

FIG. 7 is a system block diagram including a bothway RF repeater of
the second embodiment of the invention:

FIG. 8 is a block diagram of a bothway RF repeater of the second
embodiment of the invention;

FIG. 9 is a system block diagram including a bothway RF repeater of
the third embodiment of the invention;

FIG. 10 is a block diagram of a bothway RF repeater of the third
embodiment of the invention;

FIG. 11 is a system block diagram including a bothway RF repeater
of the fourth embodiment of the invention;

FIG. 12 is a block diagram of a bothway RF repeater of the fourth
embodiment of the invention;

FIG. 13 is a block diagram of a bothway RF repeater of the fifth
embodiment of the invention;

FIG. 14 is an antenna structure constructed in accordance with the
invention; and

FIG. 15 is a block diagram of a base station constructed in
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and a filter 64 are added. When RF signals are applied to the term nal 31,
these RF signals are anplified by the anplifier 62, converted to an

i ntermedi ate frequency by the m xer 62 conmbining the |ocal frequency
generated by the |ocal oscillator 63, filtered by the filter 64. converted
to an original frequency by the m xer 65 conbining the |ocal frequency
gener at ededsprddveceosetl [Larorne3tiamd then anplified and transfered to the
term nal 32 by the strai%ht anplifier 66 which gain is controlled through
the termnal BHE- 1Ri&s jas Vi pek ddppbamemdéng MHestart of cell -enhancers.

With reference to FIG. 16, which depicts a cell enhancer as
described in the aforementioned U.S. patent application Ser. No. 787,332
a prior art of cell enhancers includes an antenna system 83 which is
directed for the base station 81, a second antenna system 84 which is
directed for the subscribers 82 in an obstructed region. and an
amplifier 91 which receives the signals from the base station 81 by the
way of antenna system 83, amplifies them. and transmits them into the
shadow region through antenna system 84. In addition, the cell enhancer
92 receives signals from subscribers 82 in the shadow region through
antenna system 84, amplifies them and transmits them to the base station

81 through antenna system 83.

[n the cell enhancer 92 depicted in FIG. 16, the amplifier 91 is a
single wideband amplifier that is capable of amplifying all frequency
carriers in the two twenty-megahertz radio frequency bands allocated to
the cellular service, one band being for down-link transmission from the
base station 81 to the subscribers 82 and the other band being for
up-link transmission from the subscribers 82 to the base station 81.

A duplexer 87 connected to antenna system 83 through a connector 85
receives radio frequency signals from the antenna system and transfers
those in the appropriate 870 to 890 megahertz band to a second duplexer
89.
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; This Sheet Has Been Replaced
12 VVt FIG 7. bothway RF repeaters 92A and 92B of the
secon IH[]EMI the invention are connected toward a base station 81,
whi ch e or nore FDMA/ TDD or TDMVA/ TDD or CDVA transmitters 2

and receivers 3. and a tel ephone |ine donbiner 1. through nutually isol ated

coaxi al cablig i34 B3B, ﬂﬂph%épﬁ%ﬁ%oﬁwduﬁﬁ@/t@ﬁﬁnalTWﬁlchlecexvesqulo
frequency signals from another duplexer 88, in one of the bands 825 to
845 megahertz, from antenna system 84 originatiné at a subscriber 82.
Duplexer 89 couples the radio-frequency signals in the selected bands
from both duplexers 87 and 88 to an input terminal of a wide-band

amplifier 91.

After being amptified by the wideband amplifier 91, the signals are
coupled to the input terminal of another duplexer 90. Duplexer 90
coubles the portion of the signals in the 825 to 845 megahertz band to
an input terminal of duplexer 87 which couples the signals to antenna
system 83 for transmission to the base station 81. The duplexer 90
also couples the portion of the signa! from the wideband amplifier that
is in the 870 to 890 megahertz band to an input terminal of duplexer 88.
which couples the signal to antenna system 84 for transmission into the

shadow area.

With reference to FIG. 1, bothway RF.repeaters 92A and 928
constructed in accordance with this invention are installed on a top of
poles 101A and 101B, and connected toward the base station 81 through
coaxial cables 13, 14 and RF radiation cable 15. RF signals transmitted
from the base station 81 is send through the coaxial cables 13. 14 and
RF radiation cable 15 (must be equai length to the base station if to
get the equal time delay) to bothway RF repeaters 92A and 92B, and
amplified and radiated through antenna to the subscribers 82. Since the
RF signals from the base station 81 is attenuated by the loss of the
coaxial cables 13 and 14, the bothway RF repeaters 92A and 92B must
amplify the RF signals up to the required signal level. RF signals

transmitted from subscribers 82 are pre-amplified by the bothway
fius 18 the replacement sheet
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8(B). d 7. dividers 43A and 43B, a conbiner 8. and coaxia
connect 12A. 12B and 12C. though the bothway RF repeater 92B
i ncl udes an additional coaxial connecta 12D instead of a conbiner 8.

Si nce t hg, fhaps bt ¢ ang, el 3 i 50l d. termnals d
10B and {;Lrpg2 lgge?at egﬁin é\r' ?‘H{aqﬁﬁkﬁ‘ﬁ%ﬁ% EFIQEF'W@D%;@?"M’glchle'né%t ﬁgse .
transm t{enaeabsse €C8L MAY 81ar eTtieSOhpdRd 8NGGNo AN MIPEo @NGI el Aty hPeysane
time. When a base station 81 transmts RF signals, these RF signals are

sent throughkreoatieak cedlce s andhin these Areas. Instead of the antenna

bot hmghimtﬁiwﬁf?l PfA and 92B includes, as depicted in FIG 8(A) and

systems and/or coaxial cables., RF radiation cables (or leaky coaxial

cable) can be used to radiate the RF signals to/from subscribers.

With reference to FIG. 2, bothway RF repeiters 92A and 928
constructed in accordance with this invention are connected toward a
base station 81, which consists of one or more FDMA/TDD or TDMA/TDD or
COMA transmitters 2 and receivers 3, a RF combiner/divider 4, and a
telephone line combiner 1, through a common coaxial cable 13, 14 and RF
radiation cable 15. The bothway RF repeater 92A and 92B includes. as
depicted in FIG. 3, amplifiers 6 and 7. RF signal ditectors 21~24,
combiners 5 and 8A/8B, dividers 43A and 43, coaxial connectors 1l and
12A/12B, and a control means 25. Since the transmitters 2 and receivers
3 are operated under the FDMA/TDD or TDMA/TDD or CDMA scheme, these are
not excited at the same time. When the base station transmits RF
signals, the combiner 5 combines the down-link RF signals and lead thenm

to the detector 21. The RF signals are amplified by the amplifier 6 and
detected by the detector 23. If the detector 21 detects the RF signals
and the output of the detector 21 is connected to the control means 25,
the control means 25 controls the linearity of the amplifier 6 compering
the output of the detector 21 with that of the detector 23 and decreases
the gain of the amplifier 7 simultaneously. The RF signals amplified
and linearized are divided by the 43A and one of the output is combined
by the combiner 8 and led them to the coaxial connectors 12A and 128
which are terminated by the "downs-tream”™ antenna system 84A or 84B and
RF radiation cable 15. When a subscriber transmits RF signals, the

combiner 8A or 8B combines the up-link RF signals and transfers them to
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" This Sheet Has Been Replaced o
transfered 11A. These RF signals are anplified by the
| sol at ed amg “m\ | ded by the divider 43A. conbined by the conbiner
8, and |l ed e'coaxial connect or 120 which is term nated by the
"downstreant antenna systen184 Anot Hdt side of the divider 43A is

et dBvaiie servies e dihyer D Do HEC LR LTI L TR S,
anplifieramgliAfetrer aiwlthbh Chdiie@Red tie aREeﬁécg@fﬁ‘l“f’Z ar]@ fed 4k Pe LG rbh ?Oéfnt teg
term nal 11B connected to the isol ated coaxial cable 11B. andt e
the receidlede@citnthdhaipbdsek RFatsiipna 81, thSidvaerad |means 25 controls the
linearity of the amplifier 7. if needed. compering the output of the
detector 22 with that of the detector 24, and decreases the gain of the
amplifier 6 simultaneously unless the detector 21 detect any RF signals.
The said RF signals are combined together by the combiner 5 and are lead
to the coaxial connector 1l which is terminated by the "upstream”
coaxial cable and/or antenna system. The control process are continued
adaptively and the control parameters are memorized even during the
power supply is failed. Some of the detectors may be eliminated
according to the &esign progress. The control means 25 is at least
supervising the conditions which cause any self oscillating condition by
compering these outputs from the detectors 21, 22, 23, and 24 and if the
conditions exceed the limits, the control means 25 deicreases the gain
of amplifiers 6 and 7 immediately. If the more combiners are provided,
the more coaxial cables and/or antenna systems and/or RF radiation
cables can be connected to serve the different directions of the serving

areas.

FIG. 4 is a blockdiagram of the detector 21 which includes a
directional coupler 44, a coupling loop 46, a terminated load 48, a
detecting diode 45, and a by-pass capacitor 47. When the RF signals is
applied from the terminal 30 to the terminal 31, a portion of them is
coupled by a loop 46 and which is detected by a diode 45 and by-pass by
a capacitor 47 and led to the terminal 35. Another end of the loop 46
Is terminated by a load 48. [f the RF signals are given to the terminal
30. then the most of the RF signals are transfered to the terminal 3I.

Some amount of the RF signals are coupled to the loop 46 and detected
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circuits except conbiner 8 in the bothway RF repeaters 92A are isol ated

enough,

there are enough margins to avoid an undesired self-oscillation

caused by the over-coupling between up-link and down-Ilink anplifiers.
Condi ti ons between these paranelers aretl2S [err] 2L [err] T/R > 2G

into Lhe DC voltage. This blockdiagram depicts the case that the
detectors detect the envelope or amplitude of the RF signals. but these
detectors may detect the phase and/or frequecy modulated signals over

the RF signals and output the other signal schemes.

FIG. 5 is a blockdiagram of the control means 25 which includes A/D
converters 51 ~54, D/A converters 55 and 56, a control circuit 57, a
random access memory (RAM) 58, and a read only memory (ROM) 58. When
the detector 21 detects the RF signals and output the DC voltage and/or
other signal schemes to the terminal 35. the output signal! is converted
from an analog signal to a degital signal by A/D converter 51. By the
same manner, the output signals from detectors 22, 23, and 24 are
converted from an analog signal to degital signals by A/D converters 52
~54. The control software is burned in the ROM 53 and according to
which the linearity and/or gain of amplifiers 6 and T are controlled
through the D/A converters 55 and 56. These contrbl parameters are

memorized in the RAM 58 even when the power supply is failed.

FIG. 6 is a blockdiagram of the amplifiers 6 or 7 which are usually
constructed with only straight amplifiers 61 and 66. Besides of the
straight amplifiers 61 and 66, mixers 62 and 65, a local oscillator 63.
and a filter 64 are added. When RF signals are applied to the terminal
31, these RF signals are amplified by the amplifier 62, converted to an
intermediate frequency by the mixer 62 combining the local frequency
generated by the local oscillator 63, filtered by the filter 64.
converted to an original frequency by the mixer 65 combining the local
frequency generated by the oscillator 63. and then amplified and
transfered to the terminal 32 by the straight amplifier 66 which gain is

controlled through the terminal 36.

13
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Wher e: S | solation of the combiner 8 in dB L = Loss of the coaxi al
cabl es 14A and 14B in dB T/R = Loss between Transmitter and Receiver in dB
G = @Gin of the anplifiers 6 and 7 in dB Since the-gain of the anplifiers
is set equal to the |loss of coaxial cables (2L=2G. (2S+T/R)dB is a margin
to avoid an undesired self- oscillations. I f nore conbi ners and divi ders

are provideqbln a RF repeater hgnals can be distributed to the
nultiple dir dﬁlbﬁg”‘SFﬁcB’FHQ bﬁtﬁ Qv RF epienépr 0B8N aid §2Bi et edici n

Figure 8&5%0nd embo&%ment of the invention are connected toward a base station

| 81. which consists of one or more FDMA/TDD or TDMA/TDD or CDMA
transmitters 2 and receivers 3, and a telephone line combiner 1. through
mutually isolated coaxial cables 13A/13B and 14A/14B and 15A/ 15B. The
bothway RF repeater 92A and 92B includes, as depicted in FIG. 8(A) and
8(B), amplifiers 6 and 7, dividers 43A and 438, a combiner 8, and
coaxial connectors 11A, 11B, 12A, 12B and 12C, though the bothway RF
repeater 92B includes an additional coaxial connector 12D instead of a
combiner 8. Since the transmitters 2 and receivers 3 have isolated
terminals 10A and 10B and are operated under the FDMA/TDD or TDMA/TDD or
CDMA scheme, these transmitters ans receivers are isolated enough and
not excited at the same time. When a base station 81 transmits RF
signals., these RF signals are sent through coaxial cable 13A and
transfered to the terminal 11A. These RF signals are amplified by the
isolated amplifier.s. divided by the divider 43A, combined by the
combiner 8, and led to the coaxial connector 12C which is terminated by
the "downstream” antenna system 84. And another side of the divider 43A
is terminated by the connector 12A. When a subscriber transmits RF
signals, the combiner 8 and divider 43B led the up-link RF signals to
the isolated amplifier 7. After amplified, the RF signals are led to
the isolated terminal 11B, connected to the isolated coaxial cable 11B,
and then lead to the receiver 3 in the base station 81. Since all
circuits except combiner 8 in the bnthway RF repeaters 92A are isolated
enough, there are enough margins to avoid an undesired self-oscillation

caused by the over-coupling between up-link and down-link amplifiers.
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a coaxial connector 12D instead of the combiner 8. two isolated
"downstreani’ antenna system and/or RF radi ation cabl es caﬁhlb&wmﬂﬂﬁhgﬁkm

ensure the larger isolations between up-link and down- I|nk
that of the conbiner 8. Wth referenceltfo FIG 9, bothway H
and 92B h | o] n | ventlon are connect

base sta’ﬁogh gllonswplg“ e@ogg@tgalim%ﬁgso@ “fror e FDMA/ TDD or TDVA/ TDD or

transmtters 2 and power anplifhersol6;apyg seggeivers 3. a RF conbi ner 4.
and a tel ephone Iine conmbiner 1. through the common coaxial cables 13

Where; S = Isolation of the combiner 8 in dB
L = Loss of the coaxial cables 14A and 14B in dB
T/R = Loss between Transmitter and Receiver in dB
G = Gain of the amplifiers 6 and 7 in dB

Since the gain of the amplifiers is set equal to the loss-of coaxial
cables (2L=2G), (2S+T/R)dB is a margin to avoid an undesired self-
oscillations. |If more combiners and dividers are provided in a RF
repeater, RF signals can 5e distributed to the multiple directions.
Since the bothway RF repeater 92B, as depicted in Figure 8(B), includes
a coaxial connector I2D instead of ithe combiner 8 two isolated
"downstream” antenna system and/or RF radiation cables can be connected
to ensure the larger isolations between up-link and down-link amplifiers

than that of the combiner 8.

With reference to FIG. 9, bothway RF repeaters 92A and 92B of the
third embodiment of the invention are connected toward a base station
81, which consists of one or more FDMA/TDD or TDMA/TDD or CDMA
transmitters 2 and power amplifiers 16 and receivers 3, a RF combiner 4,
and a telephone line combiner 1, through the common coaxial cables 13
and RF radiation cables 14 ans 15. The RF radiation cables 14 and 15
radiates RF signals toward the virtical direction from the surface of
the cables and couples RF signals to the subscribers and ensures Radio
communications between the base station and subscribers. The bothway RF
repeater 92A includes, as depicted in FIG. 10(A), an amplifier 7, an RF

. signal ditector 23, combiners 5 and 8, coaxial connectors 11 and 12, and
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and RF radi ation cables 14 ans 15. The RF radi ation

radi ates RF signals toward the vertical direction fro f the
cabl es and couples RF signals to the subscribers andﬁjﬁmmmw
conmmuni cati ons between the base station4and subscri bers. The bothmay RF

repeater 92A includes, as depicted in FIG 10(A). an anplifier 7, an
si gnal duIeonmmIZBeamD@ﬁlne&BwE amnLSAnwmdxwalZGUNnectwmetlaiHWdoanaﬁﬁd

under the FDMA/TDD or TDMA/TDD or CDMA scheme., these are not excited at
the same time. but the power output of the transmitters 2 are amplified
several times by the high power amplifiers 16. When the base station
transmits RF signals, the combiner 5 combines the down-link RF signals
and leads them to a detector 23. The RF signals are big enough and need
not to amplify with an amplifier in the RF repeater 92A and/or 92B. If
the RF signals are detected by a detector 23, the control means 25
decreases the gain of the amplifier 7 simultaneously. The RF signals
are combined by the combiner 8 and are led to the coaxial connector 12
which is terminated by the "downstream” RF radiation cable 14. When a
subscriber transmits RF signals, the RF signals are coupled to the RF
radiation cable 14 and the combiner 8 combines the up-link RF signals
and transfers them to the amplifier 7 and then detected by a detector
22. When the detector 22 detects the RF signals, the control means 25
decreases the gain of the amplifier 7 simultaneously. The RF signals
amplified are combined by the combiner 5 and led them to the coaxial
connector 11 which is terminated by the "upstream” coaxial cable. These
control process are continued adaptively as described above. The
bothway RF repeater 92B, as depicted in FIG. 10(B). the detector 21 and
amplifier 6 are added to the above bothway RF repeater 92A which
amplifies the down-link RF signals though it is pre-amplified by the
power amplifier 16, since the i1epeater 92B is located far from the base

station 8l.

With reference to FIG. 11, a bothway RF repeater 92 of the fourth
embodiment of the invention is coupled toward a base station 81, which
consists of one or more FDMA/TDD or TDMA/TDD or CDMA transmitters 2 and

receivers 3, a RF combiner 4, a “down-stream” antenna system 13, and a
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14 a control neans 25. Since the transmtter 2 and receivgls : : o
under the FDMA/ TDD or TDMA/ TDD or COVA schene, these are noj ﬂ H , e
same tine, but the power output of the transmitters 2 are i
several tinmes by the high power anmplifi¥ss 16. Wen the base station

ransm t (BfeloiB% e EORGAOL N BGPTSR RO L0k B edioRghs and

feeds themto ect or . I gnal s ‘are
anpl i fi CaEhPrBB'Bsof‘Olthenﬁﬁtﬁﬁ%@r KF! trbptegge 92! ePRAl %flﬁ% RAd/QkaPeBg1lfalhe RF

signal s are detected by a detector the control means f@r
depicted in FIG. 12, includes amplifiers 6 and 7, RF signal ditectors 21
~24, coaxial connectors 11A, 11B. 12A and 12B. and a contro! means 25.
The "down-stream” RF radiation cables and/or antenna sytems 84A and 84B
are connected to the connector 12A and 12B to couple through RF signals
with subscribers within the micro-cel! serving area. Since one or more
transmitters 2 and receivers 3 are operated under the FDMA/TDD or
TDMA/TDD or CDMA scheme, these are not excited at the same time. When
the base station transmits RF signals, an antenna 83A receives the RF
signals from the base station and which is transfered to a detector 21
which may be installed at the middle stage of the amplifier 6. The RF
signals are amplified by an amplifier 6 and detected by a detector 23.

If the detector 21 detects the large RF signals, the control means 25
controls the linearity of the amplifier 6 compering the output of the
detector 23 with that of the detector 21, and decreases the gain of the
amplifier 7 simuftaneously. The RF signals amplified and linearized are
fed to the coaxiél connector 12A which is terminated by the
"down-stream” RF radiation cables and/or antenna systems 84A. And a
subscriber can receives these RF signals accordingly. When a subscriber
82 transmits RF signals. the "down-stream” RF radiation cables and/or
antenna systems 84B receives the up-link RF signals and transfer them to
a detector 24 which may be installed at the middle stage of the
amplifier 7. The RF signals are amplified by an amplifier 7 and then
detected by a detector 22. [If the detector 24 and 22 detect the up;link
RF signals, the control means 25 controls the linearity of the amplifier
T compering the output of the detector 22 with that of the detector 24,
and decreases the gain of the amplifier 6 simultaneously if the detector
21 does not detect larger RF signals. The RF signals amplified and
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decreases the gain of the anplifier 7 simultaneously. BﬂﬂRelmxd
conbi ned by the conbiner 8 and are led to the coaxi al his
term nated by the "downstream® RF radiation cable 14 ber
transmts RF signals, the RF signals arkécoupled to the RF radlatlon cabl e

14 and t heineerbigteny 8t ipomhb DESI elrh® 4 lledkt RRthei gowdis | anthnecagsTigmswh ham to
the anplifier 7 and then detected by a detector 22. when the detector 22

detects tiwe tRFmisiagnadl iy tthiee” eorstirebn maansn@b sgecewd38s thesgacantafo lshere

anplifier 7 sinmultaneously. The RF signals anplified are conbi ned by the

conbi ner ®ndnduddcddapbeimetle sk theasorlrol parameters are memorized even when
the power supply is failed. Some of the detectors may be eliminated

according to the design progress.

With reference to FIG. 13, bothway RF repeaters 92A and 92B of the
fifth embodiment of the inventions are connected toward a base station
81, which consists of one or more SDMA/TDD or TDMA/TDD or CDMA
transmitters 2 and receivers 3, and a telephone line combiner 1. through
isolated coaxial cables 13A and 13B and/or 14A and 14B. The bothway RF
repeater 92A and 92B includes bothway amplifiers 6 and 7, a combiner 8,
directional couplers 43A and 438. and coaxial connectors 11A, 11B, 12A
and 12B, though the bothway RF repeater 92B includes the coaxial
connector 12D instead of the combiner 8. Since the transmitters 2 and
receivers 3 are isolated at the terminals 10A and 10B. and are operated
under the FDMA/TDD or TDMA/TDD or CDMA scheme, these are isolated enough
and not excited at the same time. When the base station transmits RF
signals, the signals are transfered through the coaxial cable 13A and
reached to the terminal 11A. These signals are coupled with the
directional coupler 43A and amplified by the isolated amplifier 6,
combined by the combiner 8, and led to the coaxial connector 12C which
is terminated by the "down-stream” antenna systems and/or RF radiation |
cables 84A. When a subscriber 82 transmits RF signals, the combiner 8
combines the up-link RF signals and led to the isolated amplifier 7.
After amplified, the RF signals are led to the directional coupler 43B
and then isolated terminal 11B. The RF signals then sent out to the
‘isolated coaxial cable 138, and led to the receivers 3 in the base

station 81. Since the all circuits except combiner 8 in the bothway RF
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connector 11 which is termi nated by the upstream {?smwa s e RelacEdThese
control process are continued adaptively as descri beqmﬂﬁ Em lliot hway RF
repeater 92B, as depicted in FIG 10(B), the detectof fier 6
are added to the above bot hway RF repeater 92A which anplifies the
down-link RF signals though it is pre-anplified by the power anplifier 16,
since t héePeAeaBeV2elorme) §50 ledad etnouah. IGHEt Hee BARBEIS Al R bs 89. avgitdhan

reference to Fl 11, a bpthway RF repeater 92 of the fourth enbodi ment of
t he inver‘lf‘itj%sn”iegi %“o‘#ﬁPé&’F%Pﬁ caussde ystthf“'i%‘f?'gipu‘b\““@hgetwee" dp- 1k
and down-link amplifiers. Conditions between parameters are;

25 +2C + 2L + T/R > 2G

Where; S = Isolation of the divider 8 in dB
C = Loss of the directional coupler in dB
L = Loss of the coaxial cables 144 and 148 in dB
T/R = Loss between Transmitter and Receiver in dB
G = Gain of the amplifiers 6 and 7 in dB

Since the gain of the amplifiers is set equal to the loss of coaxial
cables, (2S8+2C+T/R) dB is a margin to avoid an undesired
self-oscillations. This method is applicable for the usage of common
coaxial cables as in FIG. 2 or 9 with a common directional coupler.
Since the bothway RF repeater 92B iancludes a coaxial connector 12D
instead of the combiner 8, two isolated "downstream” antenna systems
and/or RF radiation cables can be connected to ensure the larger
isolations between up-link and down-link amplifiers than that of the

combiner 8.

With reference to FIG. 14, an antenna structure which constructed in
accordance with this invention includes a ground plane 71, a shielding
box 72. a herical antenna 73, and a coaxial conmector il. Standing
waves are so offten observed under the indoor radio propagation
conditions and these degrade the quality of the indoor radio
communications. If an antenna has a ground plan 71, such standing waves
always generate the "zero potential” at the surface of the ground plan

Tl. Since this type of antenna is designed by considering the fact that
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consi sts of one or nore FDW& TDD or TDWW TDD or ;@Q%em:ﬁ R:e leged 2 and

receivers 3. a RF conbiner 4, a "down-streant an 3 and a
15 tel ephone line conbiner 1. through the "up-str Systen183A
and 838 of the bothway RF repealer 92. The both pea er 91. as

depicted in FIG 12, includes anplifi?gs 6 and 7, RF S|gnal detectors 21

the potential of the ground surface is always "zero”, a good reception
of the RF signals are always being maintained even if the standing waves
are existing. To minimize the connection loss between the "down-stream’
antenna system and a bothway RF repeater and to keep a compact size, it
is essential to put a bothway RF repeater within a shielding box T72.
Instead of a herical antenna, other types of ground plan type antennas
are applicable such as an ground plan array antenna, a parabolic

antenna, corner refrectorantenna, patch antenna. or etc.

With reference to FIG. 15. a base station which constructed in
accordance with this invention includes telephone line interface
circuits 1, two or more FDMA/TDD or TDMA/TDD or CDMA transmitters 2a.
2b and 2¢, two or more FDMA/TDD or TDMA/TDD or CDMA receivers 3a, 3b and
3¢. a transmitter combiner 4A, a receiver divider 4B, and isolated
coaxial connectors 10A and 10B. Comparison table is shown hereunder
which describes the number of TDMA/TDD transmitters and receivers vs
traffic capacity, when the TDMA/TDD has 4 time slots, and one control
slot per one base station is assigned, and 1% of blocking rate is
applied. As shown in the Table, if the Transmitter outputs and
Receiver inputs are combined and/or divided, the traffic capacities are
increased drastically according to the incriment of the number of

Transmitters and Receivers.

No. of B/S Stand alone B/S Combined & Distributed
1 0.45 Erlang | 0.45 Erlang
2 0.45 x 2 = 0.9 2.48 x 1 = 2.48
3 0.45 x 3 = 1.35 51 x1=25.1
4 0.45 x 4 = 1.8 8.0 x1=28.0
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~24. coaxial connectors 11A, 11B, 12A and 12B. and a control means 25. The
"down- streant RF radiation cables and/or antenna Syt engy,; 8 A AR B4 Repli eaa

connected to the connector 12A and 12B to couple throug
subscribers within the mcro-cell serving area. Since
transmtters 2 and receivers 3 are operated under the F

or CDVA schene, these are not excited at the sane tine. Wen the base
station transmts RF signals. an ant enh® 83A receives the RF signals from

t he base staR and ich is transfered to a detector 21 which nay be
instal l ed at MHE%H G 8 agd dert HE dnpi i¥li eie|! Urismggsions overthe

radio frequencies is the bad Bit Error Rate under the delay spread
circumstances caused by the mulli-path propagalions. A RF radiation
cable (or a Leaky coaxial cable) and/or a RF radiation wave guide are
very much effective to eliminate such problem add to ensure the good Bilt
Error Rate even under the delay spread circumstanses. For such purposes
Coaxial cables and/or antenna systems shown in FIG. 1. 2. 7. 9. Il and
13 can be replaced by a RF radiation cable (or leaky coaxial cable) or a

RF radiation wave guide or similar means.

When the Listen-befdre-lalk is required. either a base stalion or
subscriber must monitor the RF carriers wehter occupied or not. When
the transceivers and receivers are operated under the FOMA/TDD or
TOMA/TOD or CDMA. scheme, the receiver in the base station must have the
capability to monitor the RF carrires even if the transmitter., which is
located close to the said receiver, is transmitting the RF signals. and
which may desensitaize the receiver seasitivity. The separated antena
systems and/or RF radiation cables as depicted as the bothway RF

repeater 928 in FIG. 7 or FIG. 13 are very much effective to resolve

these praoblems.

This is the replacement sheet

Date: 3 0 BB 1985



5|gnals are anplified by an anpllfler 6 and detected by a detector 23 If
the detector 21 detects | arge RF signals, the conthisheetHas Tﬂ placed

controls the linearity of the anplifier 6 conparing the o muulm

detector 23 with that of the detector 21. and decreases t

anplifier 7 simultaneously. The RF signals anplified and l'inearized are
led to the coaxial connector 12A which g term nated by the "down-streant
RF radi ati on cabl es and/ or antenna systens 84A. A subscri ber can receives

t hese RFWaagnial s!aoceslr ds ngdw .andWhesi radstboder sberre@2by rleidais SaRENS| Grial s,
the "down-streant RF radi ati on cabl es and/ or

1. For use in a Personal Handy Phone system or in a Personal
Communications System or DECT system, a bothway RF repeater for
combining and distributing and/or enhancing one or more FDMA/TDD or
TDMA/TDD or CDMA carriers, to get a higher efficiency of the frequency
usage in a serving area and/or to ensure a good quality of the
communications between a base station and a subscriber. the said bothway

RF repeater comprising:

(a) isolated up-link amplifier and down-link amplifier to amplify
RE signals;

(b) isolated up-link connector and down-link connector to connect
mutually isolated coaxial cables and/or antenna systems and/or
RF radiation cables directed toward a base station; and

(¢) isolated up-{ink connector and down-link connector to connect
mutually isolated coaxial cables and/or RF radiation cables
and/or antenna systems directed toward subscribe;s and/or next

stage of the bothway RF repeater.

2. For use in a Personal Handy Phone system or in a Personal
Communications system or DECT system, a bothway RF repeater for
combining and distributing and/or eahancing one or more FDMA/TDD or
TDMA/TDD or CDMA carriers. to get a higher efficiency of the frequency
usage in a serving area and/or to ensure a good quality of the
communications between a base station and a subscriber, the said bothway

RF repeater comprising:
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antenna systens 84B recei ves the up-link RF signals and transfer themto a

detector 24 mhhshw BhﬁRhﬂaballed ‘at the mddle stage of the anplifier 7.

The RF S|gnals by an anplifier 7 and then detected by a

det ect or 24 and 22 detect the up-link RF signals, the

control neans con ro s e linearity of the anplifier 7 conpering the

out put of the detector 22 with that of the detector 24. and decreases the

gain of the anplifier 6 simultaneously i lthe detector 21 does not detect

| arger RF S|%n The RF S|Pnals anpl itied and _
1solated up-link amplificr and down-link amplifier to amplify

RF signals; -

(b) isolated up-link connector and down-link connector to connect
mutually isolated coaxial! cables and/or antenna systems and/or
RF radiation cables directed toward a base station; and

(c) one or more combiners and/or dividers to combine and/or divide
the said up-link amplifier and down-link amplifier. and to
connect one or more "down-stream” antenna systems and/or RF
radiation cablés directed toward subscribers., and/or one or
more common and/or mutually isolated coaxial cables directed

toward the next stage of the bothway RF repeaters.

3. For use in a Personal Handy Phone system or in a Personal
Communications Systems or DECT system, a bothway RF repeater for
combining and distributing and/or enhancing one or more FDMA/TDD or
TOMA/TDD or CDMA carriers. to get a higher efficiency of the frequency
usage in a serving area and/or to eusure a good quality of the
communications between a base station and a subscriber, the said bothway

RF repeater comprising:

(a) isolated up-link amplifier and down-link amplifier to amplify
RF signals;

(b) one or more combiner and/or divider to combine and/or divide
the said up-link amplifier and down-link amplifier, and to
connect one or more common and/or mutually isofated coaxial
cables and/or RF radfation cables directed toward a base station;

and
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16 linearized by the anplifier 7 are led to the coaxial connector 11B whi ch
I S term nat ggis BieedtheBeadBegdcecant ant enna system 83B. These controls are

continued ad e control paraneters are nenorized even when the
power suppl yaﬁmm me of the detectors may be elimnated according
to the design . h reference to FIG 13. bothway RF repeaters 92A
and 92B of the

22
(c) isolated up-link connector and down-link conneclor to connect

mutually isolated coaxial cables and/or antenna systems and/or

" RF radiation cables directed toward subscribers.

4. For use in a Personal Handy Phone system orin a Personal
Communications System or DECT syétem. a bothway RF repeater for
combining and distributing and/or enhancing one or more FOMA/TDD or
TDMA/TDD or CDMA carriers. to get a higher efficiency of the frequency
usage in a serving area and/or to ensure a good quality of the
communications between a base station and a subscriber, the said bothwéy

RF repeater comprising:

(a) isolated up-link amplifier and down-link amplifier to amplify
RF signals;

(b) one or more combiners and/or divider to combine and/or divide
the said up-link amplifier and down-link amplifier, and to
connect one or more common and/or mutually isolated coaxial
cables and/or RF radiation cables directed toward a base station;
and .

(c) one or more combiners and/or dividers to combine and/or divide
the said up-link amplifier and down-link amplifier. and to
connect one or more "down-stream” antenna systems and/or RF
radiation cables directed toward subscribers, and/or one or more
common and/or mutually isolated coaxial cables directed toward the

next stage of the bothway RF repeaters.
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fifth enbodlnent 8 - ROcédnvention are connected toward a base station 81.

whi ch co nore FDV TDD or TDMA/ TDD or CDMVA transmtters 2
and recei elephone | i ne conbiner 1. through isolated coaxia
cabl es 1 14A and 14B. The bot hway RF repeater 92A and 928

I ncl udes bothmay anpllflers 6 and 7, a conbiner 8. directional couplers 43A
and 43B, and coaxi al connectors 11A. 11B, 12A and 12B. though the bot hway
RF repeater 928 includes the coaxi al conggctor 12D instead of the comnbiner

8. Since the tr nd, re are. i solatgd at the termnals
10A and 10B. San qg({{léﬁvéger ot ﬁ gt Ci? A’(exﬂ?\c? Al R 1h30 2ted &L, Lng LalTA]

said amplifiers comprising:

(a) isolated up-link amplifier and/or down-link amplifier to
amplify RF signals:

(b) one or more detectors to detect the RF signal levels and/or
modulated signals of the up-link amplifier and/or down-link
amplifier; and

(¢) control means to control the gain and/or linearity and/or

output level of the said amplifiers.

6. A bothway RF repeater as defined in claim 1, 2. 3, 4 and 5.
wherein the said amplifiers comprising a straight amplifier and/or a

mixer and bandpass filter.

7. A bothway RF repeater as defined in claim 2, 3 and 4, wherein
said divider and/or éombiner comprising a circulator, an electronic
switch, a multi-branch divider and/or combiner, a hybrid circuit, a

directional coupler, and/or equivalent circuits.
8. A bothway RF repeater as defined in claim 5 wherein:

(a) said detector means are set on the input stage, middle
stage, and/or output stage of the amplifiers: and
(b) said control means at least control the output level of the

down-link amplifier and/or the gain of the up-link amplifier.

fumfmmm,,num
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under the FDVA(A/ TDD or TDMA TDD or CDMA schene, these are isol ated enough
and not excited at the sane tine. Wen the base station transmts RF
signals, the signals are transfered through the coaxial cable 13A and
reached to the term nal 11A. These signals are coupled with the directional
coupler 43A and anplified by the isolated.anplifier 6. conbined by the
conbiner 8. and fed to the coaxial connector 12C which is term nated by the
"downstreant antenna systens and/or RF radiation cables 84A. \Wen a
subscriber 82 transmts RF signals, the2donbiner 8 conbines the up-link RF

signals and E?d.‘\tb%tﬁlngyiﬁplrgbgzgte%ngkiééfelrneZ'in claim 1. 2, 3 or 4, wherein

said antenna systems comprising an unti-standing-wave RF reception means
which has a ground plane and/or refrector and a radiating element and/ov

slot, and further comprising:

(a) an array antenna with refrector; or

(b) a parabolic antenna or a corner refrector antenna; or

(¢c) other type of antenna which has a ground plane and/or
refrector; or

(d) a RF radiation coaxial cable (or leaky coaxial cable) and/or a
RF radiation wave guide and/or similar structures which have an
outer (ground) conductor and radiating slots; or

(e) a RF radiation cable which has an inner (ground) conductor and

radiating surfaces.

10. A bothway RF repeéter as defined in claim 1, 2, 3 or 4, wherein
the coaxial cables. antena systems and/or RF radiation cables

comprising;

(a) the RF transmission and/or radiation/reception means which
constitute the RF radiating/receiving elements and/or slots
consecutively and/or intermittently in a line; and/or

(b) the RF transmission and/cr radiation/reception means which are

mutually isolated between up-link and down-link circuits.

This is the replacement sheet
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After anplification; the RF signals are fed to the directional coupler 43B
and then isolated termnal 11B. The RF signals then sent out to the

i sol ated coaxial cable 13B. and fed to the receivers 3 in the base station
81. Since the all circuits except conbiner 8 in the bothway RF 17
repeaters 92A are isol ated enough, thergzgre enough margins to avoid an

Il. A bothway RF repeater as defined in claim 1. 2. 3 aund 4, wherein

said base staion comprising;

(a) one or more transmitters and receivers operated in the FDMA/TDD
or TDMA/TDD(Frequency Division Multiple Access or Time Division
Multiple Access/Time Division Duplex) or CDMA(Code Division
Multiple Access) scheme; and

(b) combiner and/or divider to combine and/or divide one or more

tansmitters and/or receivers.

12. A bothway RF repeater as defined in claim 1, 2, 3 and 4, wherein

said bothway RF repeaters are:

(a) installed within a buiiding, under ground. on a top of the
pole., on an overhead wire cable, and/or on a constructed
structure; and/or

(b) connected toward a base station in series and/or in parallel

through coaxial cables and/or RF radiation cables; and/or

(c) supplied the electric power through the inner conductor and/or

outer conductor of said coaxial cables and/or RF radiation

cables.

(d) composed with the CATV signals and/or other signals through

RF transmission cables.

Thbistherepmcementsheet




undesired self-oscillation caused by the over-coupling between up-link and
down-link anplifiers. Conditions between paraneters are; 2S+ 2C + 2L + T/R
> 2G Were; S = lsolation of the divider 8 in dB C = Loss of the
directional coupler in dB L = Loss of the axi al cables 14A and |18 in dB
T/R = Loss between Transmtter and Receiver in dB G = Gain of the
anplifiers 6 and 7 in dB SinceABSiRAGHI 0F GRE tDHECIASBREfiers is set equal to
t he | oss of coaxi%
BOTHWAY RF REPEATER FOR PERSONAL COMMUNICATIONS SYSTEM

A bothway RF repeater for use in a Personal ilandy Phone system or
in a Personal Communications Sysiem (hereinafler refered to as a PHP
system or PCS) or in the Digital Buropean Cordless Telephone (DECT).
which are operated under the FDMA/TDD or TDMA/TDD or CDMA scheme.
includes a "up-stream” coaxial connector to connect a common coaxial
cable and/or two mutually isolated ccaxial cables and/or an antenna
system directed toward a base station, and two mutually isolated
amplifiers for amplifying up-link and down-link RF signals, and a
control means for ensuring that avoids an undesired self-oscillations
caused by an over-coupling between up-link and down-link amplifiers, and
the "down-stream” coaxial conneclors to connect one or more coaxial
cables and/or antenna systems and/or RF radiation cables directed toward

the subscribers within the micro-ce!l serving areas.

The control means further includes at least one RF signal detector
and a control circuit, which controls the linearity, output level.
and/or gain of the said amplifiers. By using the control means, the
down-link amplifier gain is increased and the up-link amplifier gain is
decreased simultaneously when the detector on the down-link amplifier

detects the RF signals which is transmitted from the base station.

Moreover. the said bothway RF repeaters are installed within a
several stray building. under ground on a top of poles. on an overhead
wire cable. and/or on a constructed structures. not only for enhancing
the coverage of the base station but alse for ensuring the extreamly
higher efficiency of channel usage by distributing the combined RF

signals from a pluratity of the base stations.

Fig. 1 T T
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- cables. (2S+2C+T/R) dBis a margin to avoid undesired self-oscillation
This method is applicable for the usage of combn coaxial cables as in
FIG 2 or 9 with a cormmon directional coupler. Since the bothway RF
repeater 92B includes a coaxial connector 12B instead of the conbiner 8.
two isolated "downstreant antenna systens and/or RF radi ation cables can be
connected to ensure the larger isolations between up-link and down-Iink

anplifiers than that of the‘conbiner 8. Wth reference to FIG 14. an
antenna structure which constructed in 1/6
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accordance with this invention includes a ground plane 71, a shiel ding box
72. a helical antenna 73, and a coaxial connector 11. Standing waves are
so often observed under i ndoor radi o propagation conditions and
t hese degrade the quality of the indoor radi o comrunications. If an
antenna has a ground plane 71. such standi ng waves al ways generate the

"zero potential" at the surface of the ground plane 71. Since this type of
antenna i s designed by considering the fact that
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18 the potential of the ground surface is always zero, a good reception of
"the RF signals are always being naintai ned even if the standing waves are
existing. To mnimze the connection |oss between the "down-streant
antenna system and a bot hway RF repeater and to keep a conpact size. it is
essential to put a bothway RF repeater wthin a shielding box 72. Instead
of a helical antenna. other types of ground plan type antennas are
appl icabl e such as an ground plane array antenna, a parabolic
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antenna, corner reflectorantenna, patch antenna. . etc. Wth
reference to FIG 15, a base station which constructed in accordance with
this invention includes tel ephone line interface circuits 1.

FDMA/ TDD or TDMA/ TDD or CDMVA transmtters 2a, 2b and 2c. two or nore
FDMA/ TDD or TDMW TDD or CDMA receivers 3a, 3b and 3c. a transmtter

conbi ner 4A. a receiver divider 4B, and isol ated coaxial connectors 10A and

10B. Conparison table is shown hereunder which describes the nunber of
TDMA/ TDD transmitters and receivers vs{®

two or nore

affic (Fﬂaci_ty, when the TDMW TDD
has 4 time slots, and one control 4 _._.
--------------------- ]
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sl ot per one base station is assigned, and 1% of blocking rate is applied.
As shown in the Table, if the Transmtter outputs and Receiver inputs are
conbi ned and/or divided, the traffic capacities are increased drastically
according to the increnent of the nunber of Transmtters and Receivers. NO

of B/'S Stand al one B/ S Conmbined & Distributed 1
0. 45 Erl ang - 0. 45 Erlang 2 0.45 x 2
=0.9 2.48 x 1 2.48 3 0.45 x 3 =-1.35

5.1 x 1 5.1
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4 - 0.45 x 4 = 1.8 8. 0x1 8.0 19 Anot her .
problem area for digital signal trasm ssion over radio frequencics 1is the
bad B11 Bl for Rate under the delay spread circunstances caused by the

mul ti-path propagations. ‘A RF radiation cable (or a Leaky coaxial cable)
and/or a RF radiation wave gui de are '
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7 e Rt

very miuch erfective to elimnate such problemand to ensure ‘the good Bit
Error Rate even under the delay spread circunstances. For such purposes

Coaxi al

cabl es and/or antenna systens shown in FIG 1. 2. 7. 9. 11 and 13

can be replaced by a RF radiation cable (or |eaky coaxial cable) or a RF

radi ati on wave gwmwms'mkﬂ;ﬁcrz”?@ﬁ%n-

required.
weht er _occupi ed or not Vher:

under th F@Ww Dﬁ@}o

- thenkichgosbefgrgital k is
Mmuﬁﬁ monitor the RF carriers

eCei vers are operat ed

either a base stati

gDWﬁHT@?’ A:-Sehens: eéélver in the base

statlop nus%zihx fﬁh'e j

o, "'I‘{" N
heFAITY 15 the Tleld'ET"Eﬁbli[ying

The inveation reTales -
facilities for RF (Radio-Frequeacy) signals which are transmitted/
received to/from one or more FDMA or TDMA/TDD or COMA base stations, znd
more specifically relates to the facilities to amplify the combined

FDMA/TDD or TDMA/TDD or COMA RF carriers for enhancing the serving area

of PHP system or PCS which serving area is sometimes limited by some
obstructions such as walls and/or ceilings that block RF signals, and to

distribute them for ensuring extremely high efficiency of

channel usage. When bothway RF repeaters are applied for combining

one or more FDMA/TDD or TDMA/TDD or CDMA carriers and distributing them
within a plurality of the micro-cell serving areas. The traffic capacity
(consequéntly efficiency of channel usage) of the RF carriers is greatly

improved, compared to when these FDMA/TDD or TDMA/TDD or CDMA
carriers are not combined and operate as independent micro-cell

serving areas.

PHP systems (in other words, "PCS"=Personal Communicalions sytenm or
"PCN"=Personal Communications Network) have recently been introduced in
a number of outdoor and/or indacr areas to provide wireless public

telephone coverage for people who need to have access to public telephones from either
inside or outside of their offices or for whom it is otherwise inconvenient to use the public

telephones that are

hard-wired to a PBY 2nd/or a cen:ral switching office over conventional

public telephone lines. | T
This Sheet Has Been R
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capabifity 10 nonitor the RF carries even if the transmtter, which is
| ocated close to the said receiver, is transmtting the RF signals, and

whi ch nay desensitize the receiver sensitivity. The separated antena
systens and/or RF radiation cables as depictled as the .bothway RF repeater

92B in FIG 7 or FlG 3 13pagfs6aror PHEN 267251 & 8id Qe oAb VE pIBGIT L PToob! ems.

small regions, or "micro-cells”, each of which is covered by very low power (10mW)

transmitters. Currently, the PHP system or PCS services are

teing provided on the 1.9 Giiz frequency bands and cperaled in Lhe
FDMA/TDD or TMDA/TDD or CDMA scheme. One set of the transmitter and
receiver shares the same f{requency carrier by dividinz the time domain
into two divisions. One of the divisions is used for "down-link"
traasmissions from a base station tc the subscribers. The "micro-cell
site” is the localion of the antenna from which the trznsmissions are
effected for the micro-cell. Another time division is used for "up-
link™ transmissions from the subscribers within the micro-cell for
reception by the base station receiver. Currently, a stand-alone

base station is set on the central of the micro-cell site. Each
frequency carrier assigned for the PHP system has a 300 kilohertz

bandwidth and for Lhe CT-2 system has a 100kilohertz bandwidth.

U.S. Patent Application Ser. No. 787,332 discloses several
enbodiments of a cell enhancer system having an amplifier in various
configurations for receiving, amplifying, and re-transmitting down-link
signals from a cell site inlo an obstructed area, and also for receiving
up-link signals from subscriﬂers in the obstructed area. amplifying lhem
and re-transmitting the amplified signals to the cell site. In one
embodiment disclosed in that application, a single wide-band emplifier
hzs an input terminal thai receives both up-tink 2nd dowa-link signals
from antennas through a duplexer network, and that transfers Lhrough
another duplexer network amplified up-link and down-link signals to
appropriale antennas for lransmission. The wide-band enplifier
amplifies all signals in at least the two-cellular radio telephone .

frequency bands.



20 CLAI Ms: 1. For use in a digital nobile wrel ess conmuni cati on system
a bothway RF repeater for distributing and enhancing at |east one single RF
carrier on which both a transmtter and a receiver of a base station are
operated in the tinme division duplex node, to inprove the efficiency of the
frequency usage in a mcro-cell serving area and to inprove the quality of
t he conmuni cati ons between the base statidn

Problems may arise with the above-described cell exhancer when
applied for lhe.PHP systems or 2CS. Since the enhancer aaplifies
signals in the different frequency bands for up-links zad dowa-links, 2
duplexer network can separate the 2F signals betweea the up-link and
down-link with very large RF isolations and Lhe wide-band amplifier can
amplify all signals without an undesired self-oscillation caused by the
over-coupling between up-link and down-link amplifiers. However. since
the PHP systems or PCS adopt the FOMA/TDD or TOMA/TOD cr COMA scheme.

~ Lhe same frequency carrier is assigned for up-link and down-link
transmissions, and since the transmission and reception to/from a base
stalion are divided into two time divisions, it is unable to i;olate the

up-link and down-link signals with the duplexer networks.

According to the invention, there is provided for use in a digital mobile wireless
communication system, a bothway RF repeater for distributing and enhancing at least one
single RF carrier on which both a transmitter and a receiver of a base station are operated
in the time division duplex mode, to improve the efficiency of the frequency usage in a
micro-cell serving area Iand to improve the quality of the communications between the base
station and a subscriber unit, said bothway RF repeater comprising:

(a) base station communications means for receiving signals from and
transmitting signals to the base station over said RF carrier;

(b) subscriber communications means for receiving signals from and transmitting
signals into the selected micro-cell serving area over said RF carrier;

(c) up-link and down-link amplification means for receiving signals received by
both base station communications means and subscriber communications means, amplifying
the received signals, and coupling the amplified signals to the other of said base station
communications means and said subscriber communications means for transmission to said
base station and said subscriber; and

{d) isolation means to ensure a sufficient isolation between said up-link and
down-link amplification means over said single RF carrier. to prevent a self-oscillation

caused by a coupling between said up-link and down-link amplification means.



and a subscriber unit, said bothway RF repeater conprising: (a) base
station conmmunications neans for receiving signals fromand transmtting
signals to the base station over said RF carrier; (b) subscriber

conmuni cations neans for receiving signals fromand transmtting signals
into the selected mcro-cell serving area over said RF carrier; (c) up-link

and down-1ink anplification nmeans for receiving signals received by both
base station

3a

The invention provides a new and improved apparatus for amplifying
the RF signals to/from a base situation to enhance the coverage of the
serving area where the obstructions otherwise reduce the RF signal
levels. and for distributing oné or more FDMA/TDD or TDMA/TDD or CDMA

carriers into a plurality of the micro-cell serving area Lo ensure the

extremely higher efficiency in the channel usage. The amplifier system

must have the sufficient isolation between up-link and down-link
amplifiers to amplify and re-transmit the RF signals.assigned for the
PHP systems or PCS so as to avoid an undesired self-oscillation caused

by the over-coupling between up-link and down-link amplifiers.

In brief summary, the apparatus includes an "up-stream” coaxial
cable and/or RF radiation cables and/or antenna system directed toward a

base station for receiving and traasmitting the RF sigaals to/from the



communi cations neans and subscri ber comuni cations nmeans, anplifying the
received signals, and coupling the anplified signals to the other of said
base station comuni cati ons nmeans and sai d subscri ber comruni cati ons neans
for transm ssion to said base station and said subscriber; and (d)
i solation means to ensure a sufficient igplation between said up-link and
down-1link anplification neans over said single RF carrier to prevent a
sel f-oscill ati GfsectdsdRbandya tdosaispéaniigcoatialeadl aadlod antpnrai syktemnd down- | i nk
and/or RF radiation cable directed toward subscribers within the
micro-cell serving areas. Such coaxial cables and/or antenna sysleas
znd/or RF radiation cables {or leaky coaxial cables) are provided to
trans{er and/or radiate RF sigrals to/{rca the subscribers within a

micro-cell serving area.

The amplifier system includes at least two mutvally isolated
amplifiers and optionally a contrel neans {or ensuring thz suflicient
isolations between up-link and down-link amplifiers to avoid an
undesired self-oscillation caused by an over-coupling between up-link

and down-link amplifiers.

In one embodiment, one common “up-stream” coaxial connector to
connect a coaxial cable and/ﬁr RF radialion cable directing toward a
base station, and one or more "downstream” coaxial connectors lo coanect
one or more coaxial cables and/or antenna syslems and/or RF radiation
cables are provided to enhance and/or distribute the RF signals into a
plurality of the micro-cell serving area. Two isolated up-link and dowa
-link amplifiers amplify the RF signals. When a detector detects the RF
signals transmitted from the base station. the control meaas increases
the down-link amplifier gain and decreases the up-link amplifier gain
sinultaneously to avoid an undesired self-oscillation as =bove described
procedures. Or the control means is at least supervising the conditions
which cause such self-oscillating conditions by .comparing these outputs
from the detectors and if the conditions exceed the limits. the coatrol

geans decreases the amplifiers gain immediately.



~“anplification means. 2. A bot hway RF repeater as claimed in claim1
“wherein: (a) each of said base station communications nmeans and said
~subscri ber communi cations neans includes isglated RF transmi ssion neans to
:connect each of up-link and down-1|ink signaﬁs bet ween said base station and
“sai d bothway RF repaatier seoonbenbekinesiai tiihotl hways REed epeat:ar spmandors Lo

connecl the coaxial cables and/or antenna systems and/or RF raditation
cables directing toward a base statien. znd one or more ~downstrezn”
coaxial connectors o connect ons or more coaxial cébles and/or anleana
systems and/or RF radiation cables are provided Lo enhance and/or
distribute the RF signals iﬁlo 2 plurality of the micro-cell serving
area. Two isolated up-link and down-1ink amplifiers amplify the RF
signals. hen a delector detecis the RF signals transmitted from ihe
base station. the control means increases the down-link amplifier gain
and decreases the up-link amplifier gain simultaneously to avoid an
undesired self-oscillation as above described procedures, or fhe

control means is at least supervising the conditions which cause such
self-oscillating conditions by compering these oulputs from the
detectors and if the conditions exceced the limits, lhe conlrol means

deicreases the amplifiers gain immediately.

In the third embodiment, inpu.ts and/or outputs of a plurality of
base stations are combined and distributed toward the bothway RF
repeaters, ﬁhich are installed in a building, under ground, on a lop of
poles, and/or on an overhead wire cable, to ensure an extremely high

efficiency of channel usage.

The invention is pointed out particularly in the appended claims.
The above and further advantages of the invention will be beller
understood by refering the folloving detailed descriptions of an
illustrative embodiment taken in conjunction with the accombanying

drawings, in which: .



21 (b) said subscriber communications nmeans includes divider neans to
divide signals at the output termnal fromsaid down-I|ink anplification

- means and signals at the input termnal to_said up-link anplification neans
- to connect isolated radiation nmeans for coﬁverting'signals bet ween

el ectromagnetic dil§nal sisf eoninsds tl dddohwsapzRFof dpeabahvoy kEaiedesidrscii ber

and el ectrical signalsu . .
accordance with the invention;

FIG. 2 is a system block diagram including a bolhway RF repeater
constructed in accordance wilh the invention;

FIG. 3 is a block diagram of a bothway RF repeater constructed in
accordance with the iavention;

FIG. 4 is a block diagram of a detector constructed in accordance
with Lhe invention: _

FIG, 5 is a block diagram of a sontroller constrected in accordance
with theuinvenlion:

FfG. 6 is a block diagram of & another type of amplifier
construcled in accordance with the invention;

FIG. 7 is a system block diagram including a bothway RF repealer of
the second embodiment of the inveation;

FIG. 8 is a block diagram of a bothway RF repeater of the second‘
embodiment of the invention;

FIG. 9 is a system block diagram including a bothway RF repeater of
the third embodiment of the invention;

FIG. 10 is a block diagram of a bolhway RF repeater of the third
embodiment of the invenlion; '

FIC. 11 is a system block diagram including a bothway RF repeater
of the fourth embodiment of the invention:

FIG. 12 is a block diagram of 2 bothway RF repeater of the fourth
embodiment of the iavention;

FIG. 13 is a block diagram of a bothway RF repeater of the [ifth
embodiment of the invention;

FIG. 14 is an antenna structure construcled in accordénce with Lhe
invention; and

FIC. 15 is a block diagram of a base station constructed in



3. A bothway RF repeater as clained in claim1 wherein: (a) each of said
base station communi cati ons neans and sai d subscri ber comruni cations neans
i ncludes isolated RF transm ssion neans to connect each of up-link and
down-link signals between said base station and sai d bothway RF repeater,
or between said bothway RF repeaters; and (b) said subscriber

communi cat i eqxoriearswi rhch idesvain iaddi tional divider neans to connect a
comon radi ati on means for converting signals between el ectromagnetic
signals from FiG. 16 is a block diagrea of a prior art of cell enhancers.

With reference to FIG. 15. which depicts a cell enhancer as

described in the aforementioned U.S. patent application Ser. No. 787.332
a prior art cell enhancer includes an antenna system 83 which is

directed for the base station 81, a second antenna system 84 which is
directed for the subscribers 82 in an obstructed region. and an
amplifier 91 which receives the signals from the base station 81 by the
way of anlenna system 83, amplifies them. and transmits them into Lhe
shadow region Lhrough antenna system 84. fn addition, the cell enhancer
92 receives signals from subscribers 82 in Lhe shadow region through
antenna system 84, amplifies them and transmits them to Lhe base station

81 through antenna system 83.

in the cell enhancer 92 depicted in FIC. 16, the amplifier 91 is a
single wideband amplifier that is capable of amplifying all frequency
carriers in Lhe two twenty-megahertz radio frequency bands allocated to
the cellular service. one band being for down-link transaission from the
base station 81 to the subscribers 82 and the ather band being for
up-link transmission from the subscribers 82 to the base station 81.

A duplexer 87 connected to antenna system 83 through a conneclor 85
receives radio frequency signals from the anlenna system and transfers
those in the appropriate 870 to 890 megahertz band to a second duplexer

89.



said bothway RF repeater or said subscriber and electrical signals. 4. A
bot hway RF repeater as clained in claim1 wherein: (a) each of said base
station conmuni cati ons neans and sai d subscri ber comruni cati ons nmeans

i ncl udes a divider neans and a common RF téransm ssi on neans to connect both

ok 5, OSSO OGRS BFSRt] i A A Sl P
{requency signals (rom another duplexer 83. in one of the bands 825 to
845 megahertz, [rom aatenna system 84 originating al a subscriber 82.
Duplexer 83 couples the radic-{requency signals in the selected bands
from both duplexers 87 and 83 lo an input terminal of a wide-band

aaplifisr 91.

After being amplified by the wideband amplifier 91, the signals are
coupled to the input terminal of another duplexer 90. Duplexer 90
couples the portion of the signals in the 825 to 845 megahertz band to
an inpul terminal of duplexer 87 which couples the signals to antenna
system 83 for transmission to the base station 8l.  The duplexer 90
also couples the portion of the signal from Lhe wideband amplifier that
is in the 870 to 890 megahertz band to an input terminal of duplexer 88.
which couples the signal to znlenna system 84 for transmission into the

shadow area.

With reference to FIG. 1. bothway RF repeaters 92A and 928
constructed in accordance with this invention are installed on a top of
poles 101A and 101B, and connected toward the base s(ation 81 through
coaxial cables 13, 14 and RF radiation cable 15. RF signals transmitted
from the base station 81 is send through the coaxial cables 13, 14 and
RF radiation cable 15 (must be cquai length to the base station if to
get tha-equal time delay) to bethway RF repeaters 92A and 928, and
anplified and radiated through antenna to the subscribers 82. Since the
RF signals from the base station 81 is attenuated by the loss of the
coaxiallcables 13 and 14, lhe bothway RF repeaters 92A and 92B must
amplify the RF signals up to the required signal level. RF signals

transmitled from subscribers 82 are pre-amplified by the bothway



(b) said subscriber comunications neans includes an additional divider
" means to connect a comon radi ation neans for converting signals between
el ectromagnetic signals fromsaid both ways RF repeater or said subscriber
and el ectrical signals. 5. A bothwayﬁRF repeater as clainmed in claim1l
-2, 3 or 4,rukardi Risaid 9iddol mi ornavband tnobiddébe coaxiai wable 14 and 13

1o the base station 81. The antenna 84 performs Microcell Serving Arcas
{3 serve Lhese subscribers within these Areas. [nstead ¢f the antenna

radiation cables (or lesaky coaxial

gy

systems and/or coaxial cables. R

czble) can be used Lo radiale the RF signals lo/froa subscribers.

With reference to FIG. 2, bothway RF repeaters 92 and 628
constructed in accordance with this invention are connected toward a
base station 8l. which coasists of one or more FOMA/TOD or TOMA/TDD or
COMA transmitters 2 and receivers 3. a RF combiner/divider 4, and a
telephone line comﬁiner 1, through a common coaxial cable 13, 14 and RF
radiation cable 15. The bothway RF repeater 924 and 928 includes. as |
depicted in FIG. 3, amplifiers 6 and 7, RF signal diteclors 21~24,
combiners 5 and 8A/8B, dividers 43A and 438, coaxial connzclors 11 and
124/128, and a control means 25. Since the transmitlers 2 and receivers
3 are operated under the FOMA/TDD or TDMA/TOD or COMA scheme, Lhese are
not excited at the same time. W¥hen the base station transaits RF
signals, the combiner 5 combines the down-link RF signals and lead them
to the detector 21. The RF signals are amplified by the amplifier 6 and
detected by the detector 23. If the detector 21 detects the RF signals

‘ and the output of the detector 21 is connected to the coatrol means 25.

the control means 25 controls the linearity of the aaplifier 6 compering
the output of the detector 21 with that of the detector 23 and decreases
the gain of the amplifier 7 simultaneously. The RF signzls amplified
and linearized are divided by the 434 2nd one of the output is coambined
by the combiner 8 and led them to the coaxial connectors 124 and 128
which are terminated by the "downstream” antenna system 84A or 84B and -

RF radiation cable 15. When a subscriber transmits RF signals, the

combiner 84 or 88 combines the up-link RF signals and trzasfers them lo



22 (a) isolated up-link anplification means and down-link anplification
means to anplify each of up-link and down-link RF signals; (b) at |east one
RF detector nmeans for detecting said RF signals; and (c) at |east one
control neans responsive to said RF detctor neans to control said up-1link

and down-1i nk . ., -
a detector 24 through divider 438. The RF signals are amplified by an

amplifier 7 and then detected by a detector 22. [ Lhe detector 24 ard
22 detect the up-link RF sigﬁa!s. the contrcl means 25 controls the
linearity of the amplifier 7. if nceded, ccmpering the oulput of the
detector 22 with that of the deteclor 24. and decreases the gain of the
anplifier 6 simultaneously unless the detector 21 detect any RF signals.
The said RF signals are combined logelher.by the combiner 5 and are lead
to the coaxial connector 1l which is terminated by the “upstream -
coaxial cable and/or antenna system. The conlrol process are continued
adaptively and the comtrol paramelers are memorized even during th?
power supply is failed. Some of the detectors may be eliminated
according to the aesign progress. The conlrol means 25 is at least
supervising the conditions which cause any self oscillating condition by
compering these outputs from the delectqrs 21, 22, 23, and 24 and if the
conditions exceed the limits, the control means 25 deicreases the gain
of amplifiers 6 and 7 immediately. If the more combiners are provided.
the more coaxial cables and/or antenna systems and/or RF radiation
cables can be connected to serve the different directions of the serving

areas.

FIC. 4 is a blockdiagram of the detector 21 which includes a
directional coupler 44, a coupling loop 46. a terminated load 48, a
detecting diode 45, and a by-pass capacitor 47. When the RF signals is
applied from the terminal 30 to the terminal 31, a portion of them is
coupled by a loop 46 and which is detected by a diode 45 and by-pass by
a cepacitor 47 and led Lo the terminal 35. Another end of the loop 46
is terminated by a load 48. [f the RF signals are given to lhe teraminal
30, then the most of the RF signals are transfered to the terminal 3l

Some amount of the RF signals are coupled to the loop 46 and detected



anplification nmeans, and at |east for increasing and decreasing the gain of "’
said up-link and down-link anplification neans alternatively. 6. A

bot hway RF repeater as clained in claiml, 2, 3, or 4, wherein said up-link
and down-link anplification nmeans at |east includes-a m xer and band pass

filter tolimt the frequency pass band of said anplification neans. 7. A
bothway RF repeater as clainmed in claim2, 3, or 4, wherein said divider
means to divide said one single RF 12 '

With reference to FIG. 7. bathway RF repeaters 924 and 928 of the
second embodiment of the invenlion are conrected loward 2 base station
81, which consists of one or more FOMA/TDD or TDMA/TDD or COMA
transmilters 2 and receivers 3. and a telephene line combiner 1. Uhrough
putvally isolated coaxial cables 13A/138 and 14A/148 énd 1547 15B. The
bothway RF repeater 924 and 928 includes., as depicted in FIGC. 8(A) and
8(B), amplifiers 6 and 7. dividers 434 and 438. a combiner 8. and
coaxial connectors 11A. 118, 124, 12B and 12C. though the bothway RF
repeater 928 includes an additional coaxial conneclor 12D instead of a
combiner 8. Since the transmitters 2 and receivers 3 have isolaled
terminals 10A and 108 and are operated under the FDMA/TDD or TDMA/TOD or
COMA scheme, these transmitters ans receivers are isolated enough and
not excited at the same time. When a base station 81 Lranmsmils RF
signals, these RF signals are sent through coaxial cable 13A and
transfered to the terminal 11A. These RF signals are amplified by the
isolated amplifier.S. divided by the divider 43A, combined by the
combiner 8, and led to the coaxial connector 12C which is terminated by
the "downstrean™ antenna system 84. ° Another side of the divider 43A
is terminated by the connector 12A. When a subscriber transmits RF
signals, the combiner 8 and divider 438 led Lhe up-link RF signals to
the isolated amplifier 7. After amplification, the RF signals are fed to
the isolated terminal 11B, connected to the isolated coaxial cable 1B,

and then fed to the receiver 3 in the base station 81. Since all
circuits except combiner 8 in the bothway RF repeaters 924 are isolated
enough, there are enough margins fo avoid an undesired self-oscillation

caused by the over-coupling belween up-link and down-link amplifiers.



carrier, and to divide into nore than two directions, nust include at |east
one of a circulator, an electronic switch, a nmulti-blanch divider, a

mul ti-bl anch conbiner, a hybrid circuit, a directional coupler, and other
equi valent circuits. 8. A bothway RF rageater as clainmed in claim5
wherein said RF detector neans is coupled to the down-1link anplification
means, and s&Ptliddpey dpltAsantiese nawargleEdmrenl s the up-1ink anplification

means by increasing and decrea5|n%sth%Lg?19R > 26

Where: S = Isolation of the combiner 8 in d3
L = Loss of the coaxial cables 14A and 148 in dB
T/R = Loss between Transmitter and Receiver in d8
G = Gain of the amplifiers 6 and 7 in d8

Since the gain of the amplifiers is set equal to the loss of coaxial
cables (2L=2G), (2S+T/R)dB is a margin Lo avoid an undesired self-
oscillations. If more combiners and dividers are provided in a RF
repeater, RF signals can be distributed to the multiple directions.
Since the bothway RF repeater 928, as depicted in Figure 8(B), includes
a coaxial connector 120 instead of the combiner 8, two isolated
"downstream” antenna system and/or RF radiation cables can be connected
to ensure the larger isolations between up-link and down-link amplifiers

than that of the combiner 8.

With reference to FIC. 9. bothway RF repeaters 92A and 92B of the
third embodiment of the invention are connected toward a base station
81, which consists of one or more FOMA/TDD or TDMA/TDD or CDMA
transmitlers 2 and power amplifiers 16 and receivers 3. a RF combiner 4,
and a telephone line comﬁiner 1, through Lhe common coaxial cables 13
and RF radiation cables 14 ans 15. The RF radiation cables 14 and 15
radiates RF signals toward the vertical dlirection from the surface of
the cables and coﬁples RF signals to the subscribers and easures Radio
communications between the base station and subscribers. The bothway RF
repeater 92A includes, as depicted in FIC. 10¢A), an gaplifier 7, an RF

signal ditector 232 combinars 5 ana 8, coaxial connectors 11 and 12, and



'alfernatively. 9. A bothway RF repeater as clainmed in any of claiml1, 2,
3, or 4, wherein said radiation neans conprise at |east one of follow ng:
(a) an array antenna with reflector; (b) a parabolic antenna or a corner

refl ector antenna; 14
2 control meaas 25, Since the transmiller 2 and receiver 3 are operated
vader the FOMA/TOD or TOMA/TOD or COMA scheme, these are nol excited at
the saaz lime, but Lhe power oulpul of the transaillers 2 are amplified
several Limes by the high power a2aplifiers 16. Whea the bzse stalicn
transails RF signals, the conbiner 5 conbinas the down-link RF signals

and feeds them to a detector 23,  The RF signals are big encugh and

amplification is not necessary in the RF repeater 92A and/or 92B. If

the RF signals are detected by a detector 23, the control mzans 25
decreases the gain of the aaplifier T simultaneously. The RF signals
are combined by the combiner 8 and are led to the coaxial conneclor 12
vhich is lermiﬁaled by the “downstreaa” RF radfalion cable 14. When a
subscriber Lransails RF signals. the RF sigaals are coupled to the RF
radiation cable 14 and the combiner 8 combines the up-link RF signals
and transfers Lhem to Lhe aaplifier 7 and lhen detected by a deteclor
22. When the delector 22 detects the RF signals, the conlrol means 25
decreases the gain of the amplifier 7 simuiteneously. The RF signals
anplified are com?ined by the coabiner 5 2nd led thea to Lhe coaxial
connector 11 which is lerminaled by the "upstrean” coaxial cable. These
control process are continued adeplively as described above. The
bothway.RF repeater 920, as depicled ia FIG. 10(B), the deleclor 2] and
anplifier 6 are added to the zbove bolhway RF repeater 924 which
eeplifies the down-link RF signals Lhough il is pre-aeplified by Lhe
power anplifier 16, since the 1epeater 928 is located far from the base

station 81.

With reference to FIC. 11, a bolhway RF repeater €2 of the fourlh
emoniment of the invention is coupled loward a base station 81, whicﬁ
consisls of one or more FOMA/TDD or TONA/TDD or CDMA trzasmillers 2 and

receivers 3, a2 RF combiner 4, a “down-slrezm” anlenna syslem 13, 2nd a



23 (c) ot her type of antenna ‘which has a ground pl ane; (d) a RF radiation
coaxi al cable; and (e) a RF radiation cable which has an inner conductor

and radiating surface. 10. A bothway RF repeater as defined in claiml, 2,
3, or 4, wherein the RF transm ssion neans xnprises one of the follow ng:

(2) a RF coaxi e 1GHRIE 1A combiner 1. through the “up-stream” aulcana systca 834

| and 838 of the bothway RF repeater 92. The bothway RF repeater 9l. as
depicted in FIG. 12, includes amplifiers 6 and 7, RF signa! detectors 21
~24, coaxial connectors 11A, [1B. 12 and 12B. and a coatrol means 23.
The "down-stream” RF radiation cables énd/or antenna syteas 844 and 848
are connected to the connector 124 and 128 Lo couple through RF signals
with subscribers within the micro-cell serving area. Since one or more
transmitlers 2 and receivers S are operated under the FD¥A/TDD or
TOMA/TODD -or CDMA scheme. these are not excited at the same lime. When
the base slaliqn transmits RF.signals. an antenna 83A receives the RF
signals from the base station and wﬁich is transfered to a detector 21
which may be installed at the middle stage of the amplifier 6. The RF
signals are amplified by an amﬁlifier 6 and detecled by a detector 23.
I the detector 21 detects large RF signals, the control means 25
controls the linearity of the amplifier 6 comparing the output of the
detector 23 with that of the detector 21.'and.deéreases lpe gain of the
amplifier 7 simuf{aneously. The RF signals amplified and linearized are
led to the coaxi;I connector 12A which is terminated by the
"down-stream” RF radiation cables and/or antenna sysleas 84A. A
subscriber can receives these RF signals accordingly. When a subscriber
82 transmits RF signals, the "down-stream™ RF radiation cables and/or
antenna systems 848 receives the up-link RF signals and transfer Lhem to
a detector 24 which may be installed 2l the middle stage of the
amplifier 7. The RF signals are amplified by an amplifier 7 2ad then
delected by a detector 22. [If the detector 24 and 22 detect the up-link
RF signals, the control means 25 controls the linearity of the amplifier
T compering the output of the detector 22 with that of the delector 24,
and decreases the.gain of the amplifier 6 simullaneously if the detector

21 does not detect larger RF signals. The RF signals amplified and



(b) a RF radiation cable. 11. A bothway RF repeater as clainmed in claiml1,
2: 3 or 4, wherein said base station conprises a plurality of transmitters
and receivers operated in the digital nobile systens. 12. A bothway RF
repeater as clainmed in claim1l, 2, 3 or 41ewherein said bothway RF

Fepeaters COWp{-ﬂﬁﬁ‘,ﬁH WEEEW: 3% & :Prtf‘%rteoudo‘% N9 L(o%.&ii'lP%toﬁ‘“cqgr\'\f.ltBhw@ich

bU|Id|ng or un
is lelnlnated by the "up-strean” antenna system 83B. These controls are

continued adaptively and the control parameters are memorized even when
the power supply is failed. Some of the deteclors may be eliminated

according to the design prozress.

With reference to FIG. 3. tothway RF repeaters 924 aad 928 of the
fifth embodiment of the invention are connecled toward a base station
81. which consists of one or more FDMA/TOD or TOMA/TDD or CDMA
transmitters 2 and receivers 3, and a telephone line combiner 1. through
isolated coaxial-cables 134 and 138 and/or 144 and 14B. The bothway RF
repeater 92A and 928 includes bothway amplifiers 6 and 7, a combiner 8,
directional couplers 43A and 433. and coaxial connectors 11A, 11B, 12A
and 128, though the bothway RF repeater 928 includes the coaxial
connector 12D instead of the combiner 8. Since the transmitters 2 and
receivers 3 are isolated at the terminals 105 and 10B., and are operated
under the FOMA/TDD or TDMA/TDD or CDMA scheme, these are isolated enough
and not excited at the same time. When the base station transmits RF
signals, the signals are transfered through the coaxial cable 134 and
reached to the terminal 1IA. These signals are coupled with the

.directional coupler 434 and amplified by Lhe isolated amplifier 6.
combined by the combiner 8, and fed Lo the coaxial connector 12C which
is terminated by the “downstream" antenna systems aqd/or RF rsdiation
cables 84A. ‘hen a subscriber 82 tranSmils RF signals. the combiner 8
combines the up-link RF signals and.fed to the isolated amplifier 7. .
Afler amplification; the RF signals are fed to the directional coupler 438
and then isolated terminal 11B. The RF signals then sent out to the -
isolated coaxial cable 138, and fed to the receivers 3 in the base

station 81. Since the all circuits except combiner 8 in the bothway RF



(by‘conhected toward a base station in series or in parallel; (c) supplied
the electric power through the RF transm ssion neans; and (d) conposed with
ot her signals through RF transm ssion neans.

17

repeaters 82\ are isolated encugh., there are enouch margins to aveid an
undesired self-oscillation causecd by Lhe over-coudling belween up-link
and down-link amplifiers. Condilions between paramelers are;

25+ 2C + 2L + T/R > 26

Where; S = Isolation of the divider 8 in ¢8

C = Loss of the directional coupler in ¢3

L = Loss of the coaxial cables [4A and 148 in d3
T/R = Loss between Transmitter and Receiver in dB

G = Gain of the amplifiers 6 and 7 ia dB

Since the gain of the amplifiers is set equal Lo the loss of coaxial
cables, (25+2C+T/R) dB is a margin to avoid  undesired
self-oscillation . This method is applicable for Lhe usage of common
coaxial cables as in FIG. 2 or 9 with a common directional coupler.
Since the bothway RF repeater 928 iacludes a coaxial connector 12D
instead of the combiner 8, two isolated "downstrean™ antenna systems
and/or RF radiation cables can be connected to easure the larger
isolations between up-link and down-link amplifiers than that of the

combiner 8.

With reference to FIG. 14, an antenna structure which constructed in
accordance with this invention includes a ground plane 71, a shielding
box 72, a helical antenna 73, and a coaxial connector 11. Standing
waves are so often- observed under indoor radio propagation
conditions and Lhese degrade the quality of the indoor radio
communications. If an anltenna has a ground plane 71, such standing waves
always generate the-"zero potential™ at the surface of the ground plane

71. Since this type of antenna is designed by considering the fact thal



24 9. A bothway RF repeater as defined in claim1l. 2. 3 or 4. wherein said
antenna systens conprising an unti-standi ng-wave RF reception neans which
has a ground pl ane and/or refrector and a, radiating el enent and/or sl ot,
and further conprising; (a) an array ante%%a with refrector; or (b) a

parabol i ¢ antienpeteat i &l QAT DIRT g GEAESE A cBNT LAY OT 26£0", Oh "Eodt YRSy Pon

ant enna which has a ground plane and/or refrector; or

: of the RF signals are always being maintained even if the standing waves
are existing. To minimize the connection loss between the "down-siream”
antenna system and a bothway RF repealer and to keep a compact size. it
is essential to put a bothway RF repealer within a shielding box 72.
[nstead of @ helical antenna, other types of ground plan type antennas

are applicab!e_such as an ground plane array antenna. a parabolic

antenna. corner -reflector antenna, .- patch antenna, elc.

With reference -to FIG. 15 a base station which constructed in
accordance with this invention includes telephone line inlerface
circuits 1, two or more FDMA/TDD or TDMA/TDD or CDMA transmilters 2a.
2b and 2c, two or more FOMA/TOV or TDMA/TDD or CDMA receivers 3a, 3b and
3c. a transmitter combiner 4A, a receiver divider 4B, and isolated
coaxial connectors 10A and 10B. Comparison table is shown hereunder
which descriﬁes the number of TDMA/TDD transmitters and receivers vs
traffic capacity. when the TDMA/TDD has 4 time slots, and one control
slot per one base station is assigned. and 1¥ of blocking rate is
applied. As shown in the Table, if the Transmitter outputs and
Receiver inputs are combined and/or divided. the traffic capacities are
increased drastically according to the increment of the number of

Transmitters and Receivers.

No. of B/S Stand alone B/S Combined & Distributed
1 0.45 Erlang { 0.45 Erlang
9 0.45 x 2 = 0.9 2.48 x | = 2.48
3 0.45 x 3 = 1.35 5.1x1¢=5.1
4 0.45 x 4 = 1.8 8.0 x1=28.0




Cd) a RF'radi ati on coaxi al cable (or |eaky coaxial cable) and/or a RF
.radi ati on wave guide and/or simlar structures which have an outer (ground)
conductor and radiating slots; or (e) a RF radiation cable which has an

i nner (ground) conductor and radiating s#gfaces. 10. A bot hway RF repeater
as defined in claiml. 2, 3 or 4, wherein the coaxi al cables, antena

systems and/ of i (1361 fdiAnCARLCPCOMPL &30 s igRh1 WG sETARSHAS! on

and/ or radiation/reception means which

- radio [requencies is the bad Bit Eiror Rate under the deldy spread
circumslances caused by the mulli-path propagalions. A RF radiation
cable (or a Leaky coaxial cable) and/or a RF radialion wave guide are
very much effeclive to eliminate such problem and to ensure the good Bit
Error Rale even under the delay spread circumstances. For such purposes
Coaxial cables and/or anlenna systems shown in FIG. 1, 2, 7. 9. Il and
13 can be replaced by a RF radiation cable (or leaky coaxial cable) or a

RF radiation wave guide or similar means.

When the Listen-before-talk is required. either a base stalion or
subscriber must monitor the RF carriers wehter occupied or not. When
the Lransceivers and receivers are operated under the FOMA/TDD or
TDMA/TOD or CDMA.scheme. the receivef in the base station must have the
capability to monitor the RF -carries even if the transmitter, which is
located close to the said receiver, is transmitting the RF signals. and
which may :désénﬁﬁée the receiver sensitivity. The separated antena
systems and/or RF radiation cables as depicted as the bothway RF

repeater 928 in FIG. 7 or FIC. I3 are very much effective Lo resolve

these problems.



constitute t he " RF-radi-ati.ng/receiving el enents and/or slots consecutively

and/ or unn ' in aline; and/or (b) the RF transm ssion and/ or
radi at i "LWH,E IMS which are mutual ly isol ated between up-Iink and
GUI BS.'g

down-link cir is the replacensﬁt sheet 25

CLAIMS:

1. For use in a digital mobile wireless communication
system, a bothway RF repeater for distributing and enhancing
at least one single RF carrier on which both a transmitter
and a receiver of a base station are operated in the time
division duplex mode, to improve the efficiency of the
frequency usage in a micro-cell serving area and to improve
the quality of the communications between the base station
and a subscriber unit, said bothway RF repeater comprising:

(a) base station communications means for receiving
signals from and transmitting signals to the base station
over said RF carrier;

(b) subscriber communications means for receiving
signals from and transmitting signals into the selected
micro-cell serving area over said RF carrier;

(c) wup-link and down-link amplification means for
receiving signals received by both base station
communications means and subscriber communications means,
amplifying the received signals, and coupling the amplified
signals to the other of said base station communications
means and said subscriber communications means for
transmission to said base station and said subscriber; and

(d) isolation means to ensure a sufficient isolation
between said up-link and down-link amplification means over
said single RF carrier to prevent a selfroscillation caused
by a coupling between said up-link and down-link
amplification means.

2. A bothway RF repeater as claimed in claim 1 wherein:

(a) each of said base station communications means and
said subscriber communications means includes isolated RF
transmission means to connect each of up-link and down-link
signals between said base station and said bothway RF
repeater, or between said bothway RF repeaters; and



11.* A bothmay ‘RF repeater as defiined in claiml1l. 2. 3 and 4, wherein said
base stai ‘““ul one or nore transmtters and receivers operated
in the Ftﬁﬁ! “ Prequency Division Miltiple Access or Tine

Di vi sion |pIeLAd“ce§s/T| me Di vi sion [%JP| ex) or CDWVA(Code Division

e

Mul tiple Access) schene; and (b) conbin and/ or divider to conbine and/or
divide one or nore tansmtters and/or receivers. 12. A bothway RF repeater

as defined in Cu@)m:%afé éﬁﬂyg}f%efMgaﬁﬂd%ications means includes
divider means to divide signals at the output terminal from
said down-link amplification means and signals at the input
terminal to said up-link amplification means to connect
isolated radiation means for converting signals between
electromagnetic signals from said bothway RF repeater or said
subscriber and electrical signals.

3. A bothway RF repeater as claimed in claim 1 wherein:

(a) each of said base station communications means and
said subscriber communications means includes isolated RF
transmission means to connect each of up-link and down-link
signals between said base station and said bothway RF
repeater, or between said bothway RF repeaters; and

(b) said subscriber communications means includes an
additional divider means to connect a common radiation means
for converting signals between electromagnetic signals from
said bothway RF repeater or saild subscriber and electrical
signals.

4. A bothway RF repeater as claimed in claim 1 wherein:

(a) each of said base station communications means and
said subscriber communications means includes a divider means
and a common RF transmission means to connect both of up-link
and down-link signals between said base station and said
bothway RF repeater, or between said bothway RF repeaters;
and

(b) said subscriber communications means includes an
additional divider means to connect a common radiation means
for converting signals between electromagnetic signals from
said both ways RF repeater or said subscriber and electrical
signals.

5. A bothway RF repeater as claimed in claim 1, 2, 3 or 4,
wherein said isolation means include:



sai'd bothﬁéy”RF repeaters-.are: (a) installed within a building, under
ground, ole, on an overhead wire cable, and/or on a
construc “{'M’Md/or (b) connected toward a base station in series
and/ or |n*paraLIe h coaxi al cablg; and/ or RF radiation cabl es;
r

and/or (c) supplied the electric power ough the inner conductor and/or
outer conductor of said coaxial cables and/or RF radi ation cabl es.

(a) isolated up-link amplification means and down-link
amplification means to amplify each of up-link and down-link
RF signals;

(b) at least one RF detector means for detecting said
RF signals; and

(c) at least one control means responsive to said RF
detector means to control said up-link and down-link
amplification means, and at least for increasing and
decreasing the gain of said up-link and down-link
amplification means alternatively.

6. A bothway RF repeater as claimed in claim 1, 2, 3, or 4,
wherein said up-link and down-link amplification means at
least includes a mixer and band pass filter to limit the
frequency pass band of said amplification means.

7. A bothway RF repeater as claimed in claim 2, 3, or 4,
wherein said divider means to divide said one single RF
carrier, and to divide into more than two directions, must
include at least one of a circulator, an electronic switch, a
multi-blanch divider, a multi-blanch combiner, a hybrid
circuit, a directional coupler, and other equivalent
circuits.

8. A bothway RF repeater as claimed in claim 5 wherein said
RF detector means is coupled to the down-link amplification
means, and said control means at least controls the up-link
amplification means by increasing and decreasing the gain
alternatively.

9. A bothway RF repeater as claimed in any of claim 1, 2,
3, or 4, wherein said radiation means comprise at least one
of following:

(a) an array antenna with reflector;

(b) a parabolic antenna or a corner reflector antenna;
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(c) other type of antenna which has a ground plane;

(d) a RF radiation coaxial cable; and

(e) a RF radiation cable which has an inner conductor
and radiating surface.

10. A bothway RF repeater as defined in claim 1, 2, 3, or 4,
wherein the RF transmission means comprises one of the
following:

(a) a RF coaxial cable; and

(b) a RF radiation cable.

11. A bothway RF repeater as claimed in claim 1, 2, 3 or 4,
wherein said base station comprises a plurality of
transmitters and receivers operated in the digital mobile
systems.

12. A bothway RF repeater as claimed in claim 1, 2, 3 or 4,
wherein said bothway RF repeaters comprise at least one of
the following:

{a) installed with a building or under ground;

(b) connected toward a base station in series or in
parallel;

(c) supplied the electric power through the RF
transmission means; and

(d) composed with other signals through RF transmission
means.
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BIDIRECTTONAL REPEATER FOR MOBILE TELEPHONE SYSTEM .

The invention relates generally to the {ield of zaplifying
fecilities for RF (Radio-Frequeacy) signals which are transmitted/
received to/from.one or more FDEA_or TDMA/TDD or CDMA base stations. zad
more specifically relates to the facilities to amplify the conbined

FOMA/TDD or TOMA/TDD or CDMA RF carriers for enhancing the serving ares

of PHP system or PCS which serving area is sometimes limited by some

obstructions such as walls and/or ceilings that block RF signals, and to

distribute them for ensuring extremely high efﬁciency of

channel usage. When bothway RF repeaters are applied for combining

one or more FDMA/TDD or TDMA/TDD or CDMA carriers and distributing them
| within a plurality of the micro-cell serving areas. The traffic capacity

(consequenﬂ_y efficiency of channel usage) of the RF carriers is greatly

improved, compared to when these FDMA/TDD or TDMA/TDD or CDMA

carriers are not combined and operate as independent micro-cell

serving areas.

PHP systems (in other words., "PCS"=Personal Communicalions sytem or
“PCN"=Persona! Communications Nelwork) have recently been inlroduced in
2 nrumber of outdoor and/or indocr areas lo provide wireless public

telephone coverage for people who need to have access to public telephones from either
inside or outside of their offices or for whom it is otherwise inconvenient to use the public

telephones that are

hard-wired to a PBX and/or a ceniral switching office over conveational

public telephone lines.

w afefwor -
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ABSTRACT OF THE DISCLOSURE

BIDIRECTIONAL REPEATER FOR MOBILE TELEPHONE SYSTEM

A bothway RF repeater f[or use in a Personal Handy Phone system or

in a Personal Communications System (hereinafter refered to as a PHP
system or PCS) or in the Digital Europcan Cordless Telephone (DECT).
which are operated under the FOMA/TDD or TDMA/TDD or CDMA scheme.
includes a “up-stream” coaxial connector Lo ctonnect a common coaxial
cable and/or two mutually isolated ccaxial cables and/or an antenna
system directed toward a base station, and two mutually isolated
amplifiers for amplifying up-link and down-link RF signals. and a
control means for ensuring that avoids an undesired self-oscillations
caused by an over-coupling between up-link and down-link amplifiers; and
the "down-stream” coaxial conneclors Lo connect one or more coaxial
cables and/or antenna systems and/or RF radiation cables directed toward

the subscribers within the micro-ce!l serving areas.

The control means further includes at least one RF signal detector
and a control circuit, which controls the linearity. output level,
and/or gain of the said amplifiers: By using the control means, 'the
down-link amplifier gain is increased and the up-link amplifier gain is
decreased simultaneously when the detector on the down-link amplifier

detects the RF signals which is transmitted from the base station.

- Moreover, the said bothway RF repeaters are instalied within a
several stray building, under ground on a top of poles. on an overhead
wire cable. and/or on a constructed structures, not only for enhancing
the coverage of the base station but also for ensuring the extreamly
higher efficiency of channel nsage by distributing the combined RF

-signals from a plurality of the base stations.

Fig. 1



