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USE OF DIVERSITY TRANSMISSION TO RELAX
ADJACENT CHANNEL REQUIREMENTS IN
MOBILE TELEPHONE SYSTEMS
BACKGROUND
5 The present invention generally relates to
cellular, mobile, radiotelephone systems using a type
of coded transmission known as CDMA. More
particularly, the present invention relates to
methods and systems for reducing adjacent channel
10 interference in CDMA radiotelephone systems.
Cellular mobile phone systems comprise a
number of fixed or base stations that are in
communication with a number of portable or mobile
stations. The information flow from the base-to-
15 mobile is termed the downlink, while the information
flow from the mobile-to-base is termed the uplink.
Current cellular mobile telephone systems
primarily employ Frequency Division Multiple Access
(FDMA) and analog frequency modulation for speech
20 transmission. Systems will soon be installed
worldwide using Time Division Multiple Access (TDMA)
and digital transmission of speech tc provide higher
capacity. Code Division Multiple Access (CDMA) is a
well-known technique that has principally been used
25 for military satellite communications because of its
jamming resistance. CDMA permits several signals to
'simultaneously use the same frequency even in the
same cell, in contrast to FDMA systems that require
different signals in the same cell to use different
30 frequencies, and TDMA systems that permit use of the
same frequency but not at the same time.
CDMA systems have not previously been
favored for landmobile communications because of the

so-called near/far ratio problem. In landmobile
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relatively high. This can lead to a large difference
in the signal strength that the base station receives
from both mobile stations because signal propagation
loss varies roughly as a function of the fourth power
of the distance between a mobile station and a base
station. Since mobile stations in CDMA systems can
transmit on the same frequency at the same time,
signals received at the base station having
relatively high signal strengths tend to interfere
with those having lower signal strengths. This is
not a problem in satellite communications since a
geostationary satellite is equidistant from all
points on the earth.

Recent advances in CDMA techniques, such as
subtractive demodulation, have resulted in more
attention now being given to CDMA techniques for
landmobile radio applications. In subtractive CDMA
demodulation, signals received at the base station
are demodulated in signal-strength order from highest
to lowest, and decoded signals are subtracted out of
the composite signal before attempting to decode the
next weakest signal. Subtractive demodulation
combined with power tapering, which is described
below, on the downlink and appropriate selection of
mobile power on the uplink, controls the near/far
ratio problem with respect to signals on the same
frequency. These techniques, however, do not
compensate for potential interference from signals on
other frequencies which would be too complicated to
decode and subtract out. Therefore conventicnal CDMA
systems, as well as subtractive demodulation systens,

is a



jamm ng resistance. CDVA permts several signals to si mul t aneousl y use
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that require different signals in the sane cell to use different 30
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do not provide any particular benefits in terms of
adjacent channel interference tolerance.

Greatest capacity in CDMA systems can be
obtained when the power used to transmit to a mobile

5 station on the downlink is tailored according to the

distance from the mobile station to the center of the
cell since this will reduce interference. Higher
power is transmitted to mobile stations further away
while lower power is transmitted to those mobile

10 stations near the cell center. The consequence of
thisitechnique, called power tapering, is that the
weaker signals will be more sensitive to interference
from energy in the adjacent channels than will be the
stronger signals. It is unfortunately the weaker

15 signals' greater sensitivity that determines the
quality of channel filters used in receivers to
suppress adjacent channel energy and, therefore, the
benefits of power tapering can be offset by the
expense of the channel filters.

20 Another factor in determining the required
adjacent channel suppression is the fading margin
that must be allowed. Even if adjacent channel
signals are transmitted from the same base station
antenna as the desired signal, these adjacent channel

25 signals will fade in a manner uncorrelated to the
fading of the desired signal, so that the adjacent
channel signal can at times become stronger while the
desired signal fades weaker. If 0.1 percent fading
tolerance must be allowed for, a fading margin of

30 over 30 dB must be added to the required adjacent
channel suppression requirements.
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2 communi cations, the ratio of the distance of one nobile station to a
base station to the di stance of anot her nobile station to the base
station can be relatively high. This can lead to a large difference 5 in
the signal strength that the base station receives from both nobile
stations because signal propagation | oss varies roughly as a function of
the fourth power of the distance between a nobile station and a base
station. Since nobile stations in CDVA systens can 10 transmt on the sane
frequency at the sane tine, signals received at the base station having
relatively high signal strengths tend 40 interfere wth those having
| ower signal strengths. This is not a problemin satellite comunications
since a SUMMARY

The present invention overcomes these and
other problems by providing methods and systems for
improving the tolerance of CDMA systems to non-

5 subtractable interference sources, to match the
benefits conferred by subtractive demodulation as
regards subtractable co-channel interference.
According to a preferred embodiment of the invention
this object is achieved by providing a diversity path

10 on the downlink by means of a second, delayed
transmission from a different antenna. The diversity
transmissions are, for example, used for those
signals at the low end of the power taper, and can be
multiplexed into an antenna used for transmitting the

15 adjacent channel signals, and vice versa, i.e., the
diversity transmissions on the adjacent frequency
take place via the antenna used for transmissions on
the first frequency.

By providing within-cell diversity for

20 weaker signals according to exemplary embodiments of
the present invention, the probability of fading
occurring for those signals is greatly reduced.
Thus, much less than a 30 dB fading margin is needed
to provide 0.1 percent fading tolerance and adjacent

25 channel protection requrements are commensurately
reduced.

One advantage which arises from using CDMA
in cellular communications is the ability to use the
same radio frequencies concurrently in adjacent

30 cells. Of course, capacity will be reduced due to
the contribution to the interference in a cell from
neighboring cells using the same radio frequency. It
has been determined, however, that maximimum capacity

in CDMA systems can be achieved by tolerating a
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"15 geostationary satellite is equidistant from all points on the earth.

Recent advances in CDMA techni ques, such as subtracti ve denodul ati on,
have resulted in nore attention now being given to CDVA techni ques for
20 |l andnobil e radi o applications. In subtractive CDVA denodul ati on,
signals received at the base station are denodul ated in signal-strength
order from hi ghest to |l owest, and decoded signals are subtracted out of
the conposite signal before attenpting to decode the 25 next weakest
signal. Subtractive denodul ati on conbi ned with power tapering, which is
descri bed bel ow, on the downlink and appropriate sel ection of nobi | e
power on the uplink, controls the nearlfar ratio problemw th respect to
signals on thg HolhEWENSda1 E16RE1 | EOL AbitencBopRyer, do ot
conpensate for potentiral Interference fromsignals on ot her  frequenci es

whi ch woul d tRSUbkS coRpm | @aiRd the SamR BERIMPRCIRH: 1AcRIdBP Fherefore
conventionalcdAN¥\ This, however, leads to another difficulty,

specifically that of coupling transmitters to a

5 common antenna which are employing immediately
adjacent frequencies with no guard band between each
signal. Exemplary embodiments of the present
invention overcome this problem by providing two or
more separated transmit antennnas at base stations.

10 These transmit antennas serve the dual purpose of
handling alternate transmitter channel frequencies so
as to overcome the lack of guard band problem while
providing transmit diversity for wvulnerable (i.e.,
weaker) signals.

15 Thus according to one exemplary embodiment
a diversity transmission system comprises: a first
modulator for modulating a first set of information
signals on to a first radio carrier frequency, a
second modulator for modulating at least one of a

20 second set of information signals on to a second
radio carrier frequency, a first transmit power
amplifier for the modulated signal at the first
carrier frequency, a second transmit power amplifier
for the modulated signal at the second carrier

25 frequency, and a radio frequency combining network
for combining the outputs of the first and second
transmit power amplifiers and coupling the combined
signal to a first antenna for transmission.

BRIEF DESCRIPTION OF THE DRAWINGS
30 These and other objects and features of the

present invention will become more apparent from
reading the following detailed description in
conjunction with the drawings, in which:
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systens, as well as subtractive denodul ati on systens,

3 do not provide any particular benefits in terns of ~adj acent o
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Figure 1 illustrates a block diagram of a
diversity transmission system according to a first
embodiment of the present invention, and

Figure 2 illustrates a block diagram of

5 another diversity transmission system according to a
second embodiment of the present invention.
DETAILED DESCRIPTION

Referring to Figure 1, a number of signals
denoted A;~-A; to be transmitted with respectively

10 descending signal strengths are applied to a signal
encoder and modulator 1 where they are coded and
modulated upon a carrier frequency fl1. The composite
output signal containing the sum of said modulated
signals having desired descending signal strength

15 levels is fed to a transmit power amplifier 3. The
power output of this amplifier is sufficient to cope
with the strongest signal A, as well as the other
signals A,-3;, and can be, for example, a linear power
amplifier to minimize intermodulation.

20 A similar arrangement including modulator 7
and power amplifier 9 is provided to transmit a
second set of signals B,~B; using an adjacent carrier
frequency f2. The output signals from the power
amplifiers 3 and 9 pass through directional couplers

25 or other suitable RF summing networks 5 and 11,
respectively, to the respective antennas 6 and 12.

A third encoder and modulator 2 is provided
for a number of the weaker B group signals B,-B; which
are impressed on carrier frequency f2 andlamplified

30 in ‘a power amplifier 4. This power amplifier 4 has a
reduced power output compared to the power amplifier
3 since it processes the relatively weaker signals B,-
Bg. The output of the power amplifier 4 at carrier
frequency f2 is added to the output of the power



obt ai ned when the power used to transmt to a nobile 5 station on the
downlink is tailored according to the di stance fromthe nobile station to
the center of the cell since this will reduce interference. Hi gher

power is transmtted to nobile stations further away while | ower power is
transmtted to those nobile 10 .stations near the cell center. The
consequence of this technique, called power tapering, is that the

weaker signals will be nore sensitive to interference fromenergy in the
adj acent channels than will be the stronger signals. It is unfortunately
the weaker 15 signals' greater sensitiyity that determnes the quality of
channel filters used in receivers to suppress adj acent channel energy

and, ther ef t‘&ﬁglffrl%rs Weédrtﬁélf ﬂi@&ferf@peifl N e keirddtsindy t he

expense of channel filters. Anot her factor in determning
t he requi r e§oUPLEF &ent channel suppre55|on I's the fading margin t hat
must be al |l owed. Even gimiadirigenta eftaiulaltor 8 for the weaker

group of A signals A;-3A; and the corresponding reduced
5 power amplifier 10 are provided, the output at
carrier frequency f1 of which is added in a
directional coupler 11 to the output at carrier
frequency f£2 of the power amplifier 9. Antenna 6
thus provides transmit diversity for the weaker group

10 of B signals while antenna 12 provides the same for
the weaker group of A signals.

The modulator 8 encodes the weaker A
signals with at least one chip period delay or
advance compared to the first modulator 1.

15 Similarly, the modulators 7 and 2 have the same chip
timing relationship for the B signals, so that a
mobile station receiver perceives the diversity
signal as an echo or pre-echo of the main signal
depending on whether the B signals have been delayed

20 or advanced, respectively. The term "chip" as used
herein denotes a bit in a codeword transmitted in a
CDMA system and a chip period is the amount of time
needed to transmit one bit of a codeword. The mobile
station can then use an echo-equalizing receiver,

25 such as a RAKE receiver, to combine energy from
different echoes to add the diversity signals. An
example of such a RAKE receiver can be found in
commonly-assigned, copending U.S. Patent Application
Serial No. 08/054,028, entitled "Quantized Coherent

30 Rake Receiver" and filed on April 29, 1993.

. For the purposes of illustrating this
exemplary embediment, a power tapering has been
computed for one particular set of system parameters
and is set forth below as Table 1. It is beyond the
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'signals are transnmitted fromthe sanme base stati-on antenna as the

desired signal, these adjacent channel 25 signals wll fade in a manner
uncorrelated to the fading of the desired signal, so that the adjacent
channel signal can at tinmes becone stronger while the desired signa
fades weaker. If 0.1 percent fading tol erance nust be allowed for, a

fading margin of 30 over 30 dB nust be added to the required adjacent
channel suppression requirenents.

8

scope of the present invention to discuss how such
power tapering computations are performed, however an
exemplary method and system can be found in copending
European Patent Application Serial No. 93850067.5

5 entitled "Duplex Power Control® which was filed on
April 1, 1993 and published October 13, 1993 and
which is incorporated here by reference.

TABLE 1
Level number Signal level Corresponds to
10 or position wrt total power signal
1 -8 dB A,
2 -8.5 dB
3 -9.1 dB A,
4 -9.8 dB
15 5 -10.6 dB
6 -11.5 dB
7 -12.4 dB )
8 -13.3 dB
9 -14.2 dB
20 10 -15.1 dB
11 -16 4B
12 -17 dB
13 -18 dB 2,
14 -19 4B
25 15 =20 d$
16 -21.1 dB
17 -22.3 dB
18 -23.6 dB A
19 -25.5 dB A
30 20 -27.5 dB
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4 SUMVARY The present invention
overcones these and ot her problens by providing nmethods and systens for

i nproving the tol erance of CDVA systens to non- 5 subtractable interference
sources, to match the benefits conferred by subtractive denodul ati on as
regards subtractabl e co-channel interference. According to a preferred
enbodi ment of the invention this object is achieved by providing a
diversity path 10 on the downlink by neans of a second, del ayed

transm ssion froma different antenna. The diversity transm ssions are,
for exanple, used for those signals ¢t the | ow end of the power taper

and can be mul tiplexed into an antenna used for transmtting the

Level number  Signal level Corresponds to
or position wrt total power signal
21 -29.5 dB
22 -32 4B
23 -36 dB A,
24 -42 dB A
5 Note that the above table illustrates a

system which is not fully loaded as only eight of the
available signal levels are being used. Signals A;-A;
are initially adjusted to different power levels
according to the distance of the intended mobile

10 recipient from the base station. Power adjustment
can be achieved, for example, by providing a
different modulator for each signal with the outputs
thereof being scaled to the desired power level
before summing all of the signals together.

15 Alternately, the chipstreams can each be scaled to
the desired power level, added together, applied to a
common premodulation filter and then modulated by a
single modulator.

The indexing of the signals indicates the

20 order after sorting in descending order of signal
strength. In the exemplary Table 1, above, the
optimum signal strengths for a uniform area
distribution of mobiles covers a 34 dB range from
strongest to weakest. In such an exemplary case,

25 those signals more than 15 dB below the strongest
signal can be ascribed to a group for which diversity
transmissions will be provided by means of the lower
power auxiliary transmit amplifiers (e.g., signals As-
A; in the example of Table 1).
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~ 15 adj acent channel signals, and vice versa, i.e., the diversity

transm ssions on the adjacent frequency take place via the antenna used
for transm ssions on the first frequency. By providing
within-cell diversity for 20 weaker signals according to exenplary

enbodi nents of- the present invention, the probability of fading
occurring for those signals is greatly reduced. Thus, much |l ess than a
30 dB fading margin i s needed to provide 0.1 percent fading tol erance
and adj acent 25 channel protection requrenents are commensurately

reduced. One advant age hch arises fromusi ng CDVA in

cel lular communications is the ability to use the sane radi o frequencies

concurrently in adj acqier3dcseld Sutde U sRretan s WH bdidw educed due
to the contribution to the interference in a cell from nei ghbori ng

cel I's usi ngthrestappgesd Gignadudfcpised in thes afoEemettdMSed, hovever,
that maxi m guEmpaR?Y ehbodiment for separating signals

considered to be relatively strong, for which within-
5 cell transmission diversity is not provided, from
signals considered to be relatively weak, for which
within-cell transmission diversity is provided, those
skilled in the art will readily appreciate that other
thresholds could be used. Moreover, those signals

10 which border the cutoff may be assigned at one time
to the group which includes the stronger signals and
at another time to the group that includes the weaker
signals due to movement of a mobile station within
the cell.

15 When a signal is reassigned from, for
example, the stronger group to the weaker group,
there arises a need to start transmitting a
corresponding signal in the diversity path that had
not been transmitted during the previous period. To

20 avoid reduction in decoding performance at the
receiver, such signals are smoothly ramped up to a
target power level. Likewise, upon reassignment from
the weaker group to the stronger group, the
corresponding signal in the diversity path is

25 gradually ramped down. Accordingly, the average
level of diversity transmission changes smoothly as a
signal passes from one to another of the stronger and
weaker groups.

If the desired total average transmission

30 power for the signals in the stronger group is
denoted P1l, for the weaker group P2, and the
directional coupler has a power loss factor k from
the auxiliary (lower power) power amplifier to the
antenna and a power loss factor (1-k) from the main
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“in CDVA systens can be achieved by tolerating a

5 certain amount of additional interference that results from using
the sane frequencies in adjacent cells. This, however, |eads to another
difficulty,

11

power amplifier to the antenna, then the total
average power the two power amplifiers must deliver

is given by:

jmd
+

Ptot =
(1)

Total average transm1551on power can be
minimized by choosing k/(1-k) in Equation (1) to

equal P2/P1I . For maximum efficiency, the coupling

ratio of the directional coupler should be half the
10 desired number of dBs difference in power level
between the main transmission and the diversity
transmission, as should also the ratio of P1 to P2.
Thus, for a 15 dB difference in average transmitted
power between the main and diversity transmissions,
15 the auxiliary power amplifier has a power level which
is 7.5 dB (5.6 times) lower than the power level of
the main power amplifier. Therefore, k=1/5.6 and
1/(1-k) = 1/(1-1/5.6) multiplying top and bottom by
5.6 results in 5.6/4.6 or 1.22. Accordingly, the
20 main power amplifier is then 5.6/4.6 or 1.22 times
the desired main signal power output-level (P1l) fo
compensate for the loss of the directional coupler.
Those skilled in the art will appreciate
that principles of the present invention can be
25 extended to more than two antennas and frequencies
and to the provision of more than one diversity
transmission for each main transmission. . Further
diversity transmissions can be made with
progressively delayed or advanced versions of the
30 main signal such that each separate diversity
transmission appears like an echo (or pre-echo)
having a different time delay (or advance) equal to

multiples of the chip period. .
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specifically that of coupling transmtters to a 5 commobn antenna which are

enpl oyi ng i nmedi ately adj acent frequencies with no guard band between
each signal. Exenplary enbodi nents of the present i nventi on overcomne
this problem by providing two or nore separated transmt antennnas at

base stations. 10 These transmt antennas serve the dual purpose of
handling alternate transmtter channel frequencies so as to overcone the
| ack of guard band problemwhile providing transmt diversity for

vul nerable (i.e., weaker) signals. 15 Thus according to one
exenpl ary enbodi nent a diversity transm ssion system conprises: a first
nmodul at or for nodulating a first set of information signals on to a first

radio carrier frequenGother exeRF¥, PHkE & Ua fQibsPad A v At | east
one of a 20 second set<§ q?ﬁ(ﬁﬁnulon signals on, to a second radi o

carrier fre@@hde desqriked vifdnizeirpmice tafAgyi@r2for the nodul ated
signal at tRephratle antennas can be provided where adjacent

channels are used in the same cell, due to the

5 impracticality of building low-loss multiplexing
filters that can couple adjacent frequencies to the
same antenna without a guard band between them. It
is generally more feasible to multiplex alternate
frequency channels into one antenna and those

10 channels in between into another antenna. While the
exemplary embodiment of Figure 2 illustrates one such
transmission system, those skilled in the art will
appreciate that the "in between" channels (e.g., £2,
f4, £6 at modulator 22) can be multiplexed into

15 another antenna (not shown) using a similar systen.

Referring to Figure 2, a first set of
signals A,-A; to be transmitted is modulated onto
carrier frequency f1 in the multiple modulator 20.
The output signal of the modulator is amplified in a

20 high-power transmit amplifier 21, the output of which
is connected to one input of multiplexing filter 22.
The other inputs of the multiplexing filter 22 are
available to connect to transmit amplifiers (not
shown) using carrier frequencies £f3, £f5, £7, etc.

25 The output of the multiplexing filter 22 is
combined in a directional coupler 23 or similar RF
combining network with the lower power output of a
multiplexing filter 24 adapted to carrier frequencies
£f2, f4, £f6...etc. on which diversity transmissions

30 are to be provided. The combined output from the
directional coupler 23 is connected to the antenna
25,

The signals Bs-B; for which diversity

transmissions are to be provided are modulated onto
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“carrier frequency, a second transmt power anplifier for the nodul at ed
signal at the second carrier 25 frequency, and a radi o frequency conbi ni ng

net wor k ~for conbining the outputs of the first and second transmt
power anplifiers and coupling the conbined signal to a first antenna for
transm ssi on. BRI EF DESCRI PTI ON OF THE DRAW NGS 30

These and ot her objects and features of the present invention wll

nore apparent from reading the follow ng detailed description in

conjunction with the draw ngs, in which:

10

15

20

25

30

13

carrier frequency f£2 in multiple signal modulator 26,
amplified in the lower power diversity transmit
amplifier 27 and then fed to the f2 input of the
multiplexing filter 24. As mentioned earlier, a
duplicate arrangement (not shown) is provided with a
separate antenna for the main transmission channel of
signals B,-B; and the diversity transmission of
signals Ag-A;.

Although exemplary embodiments of the
present invention have been described, for example,
in terms of using plural antennas for transmitting
signals, those skilled in the art will recognize that
the present can be implemented in other ways. For
example, a single dual-polarization antenna could be
substituted for the antennas 6 and 9 and the main and
diversity transmissions could be coupled to separate
inputs of the dual-polarization antenna. The main
signal could then be transmitted at one polarity,
while the diversity signal is transmitted at a
polarity which is orthogonal to that of the main
signal, e.g., right-hand circular and left-hand
circular.

Although preferred embodiments of the
present invention have been described with reference
to an exemplary system having eight signals for the
main transmit channel and four signals on the
diversity channel, it is to be understood that this
exemplary system is merely provided for illustration
and that any number of signals could be supplied to
either the main or diversity channels. Moreover,
while particular embodiments of the present invention
have been described and illustrated, it should be
understood that the invention is not limited thereto
since modifications can be made by persons skilled in

becone
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6 Figure 1 illustrates a block diagramof a  diversity

transm ssion systemaccording to a first enbodi nent of the present

i nvention, and Figure 2 illustrates a bl ock diagramof 5

anot her diversity transm ssion system according to a second enbodi nment
of the present invention. DETAI LED DESCRI PTI ON
Referring to Figure 1, a nunber of signals denoted Alerr]-Alerr] to be
transmtted with respectively 10 descending signal strengths are applied to
a signal. encoder and nodul ator 1 where they are coded and nodul at ed

upon a carrier frequency f1. The conpggjte

the art. The present application contemplates any
and all modifications that fall within the spirit and
scope of the present invention as disclosed and
claimed herein.
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10

15

20

25

30

first set of information signals on to a first radio
carrier frequency;

a second modulator for modulating at
least one of a second set of information signals on
to a second radio carrier frequency;

a first transmit power amplifier for
said modulated signal at said first carrier
frequency;

a second transmit power amplifier for
said modulated signal at said second carrier
frequency; and

a radio frequency combining network
for combining the outputs of said first and second
transmit power amplifiers and coupling the combined
signal to a first antenna for transmission.

2. The diversity transmission system of
claim 1 further comprising:

a third modulator for modulating said
second set of information signals on to said second
radio carrier frequency; and

a third transmit power amplifier for
said third modulated signal at said second carrier
frequency, the output of which is fed to a second
antenna for transmission.

3. The diversity transmission system of
claim 1 further comprising:

* C L M s *



3 since it processes the relatively weaker signals B[err]- Blerr]. The
out put of the power anplifier 4 at carrier frequency f2 is added to the
out put of the power 7~

anplifiers at carrier frequency f1 in the dlrectlonal
This Sheet Has Been Replaced
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a third modulator for modulating said

16

second set of information signals on to said second
radio carrier frequency;

a fourth modulator for modulating at

5 least one of said first set of information signals on
to said first radio carrier frequency;

a third transmit power amplifier for
amplifying a signal generated by said third
modulator;

10 a fourth transmit power amplifying a
signal generated by said fourth modulator; and

a radio frequency combining network
for combining outputs of said third and fourth
transmit power amplifiers and coupling the combined

15 signal to a second antenna for transmission.

4. A diversity transmission system
according to claim 2, wherein said second antenna is
spaced many wavelengths from said first antenna so as
to obtain maximum spatial diversity gain.

20 5. A diversity transmission system
according to claim 3, wherein said second antenna is
spaced many wavelengths from said first antenna so as
to obtain maximum spatial diversity gain.

6. A diversity transmission system
25 according to claim 1, wherein said radio-frequency
combining networks are directional couplers.

7. A diversity transmission system

according to claim 3, wherein said radio-frequency
combining networks are directional couplers.

LR L



"coupl er 5. Simlarly, a nodulator 8 for the weaker group of
A signals Alerr]-Alerr] and the correspondi.ng reduced 5 power anplifier 10
are provi ded, the output at carrier frequency f[err] of which is added in
a directional coupler 11 to the output at carrier Tfrequency f2 of the
power anplifier 9. Antenna 6 thus provides transmt ahi¥Skesi Ha¥ Bé@Replited

weaker group 10 of B signals while antenna 12 provides t t he
weaker group of A signals. The nodul ator 8 aker
A signals with at |east one chip period delay or adv to

the first nodulator 1. 15 Simlarly, the nodulators 7 and 2 have the sane
chip timng relationship for the B é?bnals, so that a nobi | e station

recei ver perceives the_ dive[sit signal_as an_echo e-echo of the

mai n signal  dependiny on 6%é&¥é§s{%€ éF%?ﬁ%bf%lﬁﬁvéy%%gé del ayed 20 or

advanced, r esmsatdireyto Thbatern "wirepéimssaddédradio-frequency
combining networks are multiplexing filters.

9. A diversity transmission system
5 according to claim 3, wherein said radio-frequency

combining networks are multiplexing filters.

10. A diversity transmission system
according to claim 2, wherein said at least one
signal fed to said second modulator is delayed or

10 advanced with respect to the same signal applied to
said third modulator.

11. A diversity transmission system
according to claim 3, wherein said at least one
signal fed to said second modulator is delayed or

15 advanced with respect to the same signal applied to
said third modulator; and
said at least one signal fed to said
fourth modulator is delayed or advanced with respect
to the same signal applied to said first modulator.

20 12. A diversity transmission system
according to claim 10, wherein said at least one
signal is delayed or advanced by a whole number of
bit or symbol periods.

13. A diversity transmission system
25 according to claim 11, wherein said at least one
signals are delayed or advanced by a whole number of
bit or symbol periods.

A



herein denotes a bit in a codeword transmtted in a CDMA system and a
chip period is the anpbunt of tine
codeword. The nobile
such as a RAKE receiver,

the diversity signals. An exanpl e of such a RAKE

gg&m add® found in
commonl y- assi gned, copending U. S. Patent Appllcatl
08/ 054,028, entitled "Quantized Coherent 30 Rake %Mﬂ l““ | I ed on

April 29, 1993. For the purposes of

exenpl ary enbodi ment, a power tapering has been conputed for o

particul ar set of system paraneters
i s beyond the

10

15

20

25

30

14. A diversity transmission system
comprising:

a first modulator for modulating a
first set of information signals on to a first
carrier frequency;

a second modulator for modulating at
least one of a second set of information signals on
to a second carrier frequency;

a first transmit power amplifier for
said modulated signal at said first carrier
frequency;

a second transmit power amplifier for
said modulated signal at said second carrier
frequency;

an antenna multiplexing filter that
combines an output of said first transmit power
amplifier with at least one other signal having at
least a third carrier frequency intended for
transmission from the same antenna; and

a radio frequency combining network
for combining the outputs of said antenna
multiplexing filter and said second transmit power

needed to transmt one bit of a
station can then use an echo-equali zing receiver,
t o combi ne ener gy fronlm-different“echoes to add

ne

dis set forth below as Table 1.

amplifier and coupling the combined signal to a first

antenna for transmission.

15. A diversity transmission system
comprising: )

a first modulator for modulating a
first set of information signals on to a first
carrier frequency;

a second modulator for mpdulating at
least one of a second set of information signals on
to a second radio carrier frequency;

* c L L] $ *
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"8 scope of the present invention to di scuss how such power tapering
conput ati ons are perforned, however an exenpl ary nmet hod and system can
be found in copending Eur opean Patent Application Serial No. 93850067.5
5 entitled "Duplex Power Control” which was filed on = April 1, 1993 and
publ i shed Cctober 13, 1993 and whi ch s incor pogd et R8s BeedN aea‘derence
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a first transmit power amplifier for

19

said modulated signal at said first carrier
frequency;

a second transmit power amplifier for

5 said modulated signal at said second carrier
frequency;

a first antenna multiplexing filter
that combines an output of said first transmit power
amplifier with at least one other signal having at a

10 least a third carrier frequency intended for
transmission from the first same;

a second antenna multiplexing filter
that combines an output of said second transmit power
amplifier with at least one other signal having at

15 least a fourth carrier frequency intended for
transmission from the same antenna; and

a radio frequency combining network
for combining the outputs of said first and second
antenna multiplexing filters and coupling the

20 combined signal to a first antenna for transmission.

16. A diversity transmission system
according to claim 14, wherein said at least one
other signal having at least a third carrier
frequency are generated by a fifth modulator and

25 fifth transmit power amplifier.

17. A diversity transmission systen
according to claim 15, in which said at least one
other signal having at least a third carrier
frequency are produced by a fifth modulator and fifth

30 transmit power amplifier.
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Level

t ot al

Alerr]
Alerr]
6

8

nunber Si gnal | evel Corresponds to 10 or position
power si gnal 1 -8 dB
2 -8.5 dB 3_ ..-9.1dB
4 -9.8 dB 15 -10.6 dB
-11.5 dB 7 .4 d B This Sheet Has Been Replaced
e W

20

18. A diversity transmission system
according to claim 17, in which said at least one
other signal having at least a fourth carrier
frequency are produced by a sixth modulator and

5 sixth transmit power amplifier.

19. A diversity transmission system
according to claim 15 further comprising:

a third modulator for modulating a
second set of information signals on to said second

10 radio carrier frequency;

a fourth modulator for modulating at
least one of said first set of information signals on
to said first radio carrier frequency;

a third transmit power amplifier for

15 said third modulated signal at said second carrier
fregquency;

a fourth transmit power amplifier for
said fourth modulated signal at said first carrier
frequency;

20 a third antenna multiplexing filter
that combines an output of said third transmit power
amplifier with at least one signal having at least a
fourth carrier frequency intended for transmission
from the same antenna;

25 a fourth antenna multiplexing filter
that combines an output of said fourth transmit power
amplifier with at least one other signal having at
least a third carrier frequency intended for
transmission from the same antenna; and

30 a radio frequency combining network
for combining the outputs of said third and fourth
antenna multiplexing filters and coupling the
combined signal to a second antenna for transmission.

wr t



12
14
17

10

15

20

25

14.2 dB 20 10 -15.1 dB 11 -16 dB

-17 dB 13 -18 dB Al err]
-19 dB 25 ) 15 -20 dB 16 -21.1 dB

-22.3 dB 18 -23.6 dB Alerr]
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20. A diversity transmission system

comprising:

a first modulator for modulating a
first set of information signals on to a first radio
carrier frequency;

a second modulator for modulating at
least one of a second set of information signals on
to a second radio carrier frequency; and

a radio frequency combining network
for combining outputs of said first and second
modulators and coupling the combined signal to a
common power amplifier and antenna for transmission.

21. The diversity transmission system as
in claim 20 further comprising:

a third modulator for modulating said
second set of information signals on to said second
radio carrier frequency;

a third transmit power amplifier for
said third modulated signal at said second carrier
frequency, the output of which is fed to a second
antenna for transmission.

22. The diversity transmission system as
in claim 20 further comprising:

a third modulator for modulating said
second set of information signals on to said second
radio carrier frequency;

a fourth modulator for modulating at
least one of said first set of information signals on
to said first radio carrier frequency;

HII|I|| |||||| II|\| ||I|I || III\



-25.5 dB Alerr] 30 20 -27.5 dB

10

15

20

25

This Sheet Has Been Replaced

a second radio frequency combining

22

network for combining outputs of said third and
fourth modulators and coupling the combined signal to
a second common power amplifier and antenna for

transmission.

23. A diversity transmission system
comprising:

a first modulator for modulating a
first set of information signals on to a first radio
carrier frequency;

a second modulator for modulating at
least one of a second set of information signals on
to a second radio carrier frequency; and

a radio frequency combining network
for combining outputs of said first and second
modulators with other signals having different
carrier frequencies and coupling said combined signal
to a common power amplifier and antenna for

transmission.

24. The diversity transmission system
according to élaim 20 in which said common transmit
power amplifier is a linear or linearized power
amplifier designed to minimize intermodulation

between said signals.

25. The diversity transmission system
according to claim 5 in which said at least one of
said second set of signals is transmitted at a power
level lower than the transmission of said first set

of signals.

* [ L M S *
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‘Level nunber Si gnal | evel Corresponds to or position wr t

total power si gnal 21 -29.5 dB 22
-32 dB 23 -36 dB ... Aerr] 24
-42 dB Alerr] 5 Not e t hat the above tabl e
Illustrates a systemwhich is not fully |oaded d¥isghgetti ﬁwm&mdhe
avai l abl e signal |evels are being used. Signals A[er
initially adjusted to different power |evels acco |stance
of the intended nobile 10 recipient fromthe base station. Pomer adjustnent
23

26. A radio transmission system for
multiple signals comprising:
first transmit means for modulating a
first set of information signals onto even-numbered
5 radio channels and amplifying said first set of
information signals to produce a first set of
transmit signals;
second transmit means for modulating a
second set of information signals onto odd-numbered
10 radio channels and amplifying said second set of
information signals to produce a second set of
transmit signals;
third transmit means for modulating
selected cnes of said first set of information
15 signals onto respectively assigned even-numbered
radio channels and amplifying said selected signals
to produce a diversity transmit signal;
first transmit multiplexer means for
multiplexing said first set of transmit signals to
20 form a first composite signal and feeding said first
composite signal to a first antenna means;
second transmit multiplexer means for
multiplexing said second set of transmit signals to
form a second composite signal, and
25 coupling means for coupling said
second composite signal and said diversity transmit
signal to a second antenna means.

27. A transmission system as in claim 26
in which said first antenna means and said second
30 antenna means comprise orthogonal polarizaﬁion inputs
of a dual-polarization antenna.

* C L M H] *



"can be achieved, for exanple, by providing a di fferent nodul ator for
each signal wth the outputs t hereof being scaled to the desired power

| evel before sunm ng all of the signals tegether 15 Al.ternately, the

chi pstreans can each be scaled to the desir omer Ievel added
together, dpplied to a comon prenodul ation eednpdul at ed by
a si ngl e nodul at or. The indeX|n+ Eﬂ | s i ndicates
the 20 order after sorting in descendi ng order strength. In
the exenplary Table 1, above, the opti mum signal strengths for a uniform

area di stribution of nobi | es coverg2 34 dB range from strongest to
weakest. In such an exenplary case t hose signal's nore than 15 dB bel ow

the strongest Si gnajg cang dg gﬁé@fgsighasgéggg 6PrcyRimhadiversity

transm ssions wil| be provi means of the | ower power auxiliary
transmt anherein %@1@ fl§$§n%ﬁ@ ggcond aptepnasg COPRL X8l e of Tabl e
1). orthogonal polarizations of a dual-polarization
antenna.
5 29. The transmission system of claim 3,

wherein said first and second antennas comprise
orthogonal polarizations of a dual-polarization

antenna.

30. The transmission system of claim 19,
10 wherein said first and second antennas comprise
orthogonal polarizations of a dual-polarization

antenna.

31. The transmission system of claim 21,
- wherein said first and second antennas comprise
15 orthogonal polarizations of a dual-polarization

antenna.

* c L M S *



10
si gnal
signal s

Al t hough a cutoff of nore than 15 dB below the strongest
Is used in the aforenentioned exenpl ary enbodi nent for separating
considered to be relatively strong, for which wthin-

25

ABSTRACT

The present invention includes a system and
method for reducing adjacent channel interference,
particularly in CDMA adiotelephone systems.

5 Diversity transmissions are provided for weaker
signals to be transmitted by coupling delayed or
advanced versions of these weaker signals to an
antenna which is also transmitting signals on an
adjacent frequency.
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5 cell transmission diversity is not provided, fron1’}§I§ﬁh&@?ck
be rel atively meak for whi ch wi t hin-cell transnlssuon-d
provi ded, thosg - :SKEITEd Lh the arEPQi6RR 31®AZi | y: appr, ;
t hr eshol ds coufd’ B@r %eﬁ Nbreover, those signals: 19 whi¢h,

cutof f may be a55|ghe¢, it one tine to the group whlch |nﬁT d‘ s’
st ronger S|gnals and at another time to the grOUp ‘that “i'ncl Jdes™

weaker skgnal s due to novenent of a at!on wthin the CQJ . :
When a sigﬁhhils refassigned from for > éxanpl ‘ tHe" ‘st rongerEgrbuf ﬂ the 5
weaker group, there arises a need to Start transnlttlng a T
correspondi ng signal _in the diversity path that had not been transmtted
during the prevlious per|6H To 20 avoi d reductifon |ﬁTdecod|ng per f or mance
at the recei ver,| sfich S|gna|5 are snoot Hl'y rnarfped' up toJ t ar get
power |evel. Likemﬁse uppn reagsi gnnent friom t hel weaker group to the
stronger group,  the r | [ ]
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'corre$pdndi‘ng “§ignal in the diversity path is 25 gradual | y ranped down.

Accordingly, the average level ofp gigy£bid Ay transm ssion changes
snoothly as a  signal passes fromone to another of the stronger and
weaker groups. If the desired total average transm ssion 30

power for the signals in the stronger group is - -—€denoted- Pg cfor the
weaker group P2, and}h%_m_&rtlonal coupl eHithasthl ptawef? ss factor k
from the auxiliary (l'ower power) power arrpl | f I e]fw“& @“ t’he ______._Jant enna and a
power |oss factor (1-k)&romthe|main
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power anplifier to the antenna, then the total

power afpliTi@rs Anmst delbyver. - M_stgj yen by: i
Tot'al average [ agSnlsSIDn‘powehﬁean be mni
Equati o yl%‘ f“” héF:[err}FMxFor nBX|nun1ef

........ €4} fjéd:-

USE OF DIVERSITY TRANSMISSION TO RELAX
ADJACENT CHANNEL REQUIREMENTS IN
MOBILE TELEPHONE SYSTEMS
BACKGROUND
5 The present invention generally relates to
cellular, mobile, radiotelephone systems using a type
of coded transmission known as CDMA. More
particularly, the present invention relates to
methods and systems for reducing adjacent channel
10 interference in CDMA radiotelephone systems.
Cellular mobile phone systems comprise a
number of fixed or base stations that are in
communication with a number of portable or mobile
stations. The information flow from the base-to-
15 mobile is termed the downlink, while the information
flow from the mobile~to-base is termed the uplink.
Current cellular mobile telephone systems
primarily employ Frequency Division Multiple Access
(FDMA) and analog frequency modulation for speech
20 transmission. Systems will soon be installed
worldwide using Time Division Multiple Access (TDMA)
and digital transmission of speech to provide higher
capacity. Code Division Multiple Access (CDMA) is a
well-known technigue that has principally been used
25 for military satellite communications because of its
jamming resistance. CDMA permlts several signals to
simultaneously use the same ffequeﬁéy even in the
same cell, in contrast ta FDMA systems that require
different signals in the same cell to use different
30 frequencies, and TDMA systems that permit use of the
same frequency but not at the same time.
CDMA systems have not previously been
favored for landmobile communications because of the
so-called near/far ratio problem. In landmobile

This is the replacement sheet
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ratio of the directional coupler should be half the 10 desired nunber of
dBs difference in power |evel between the main transm ssion and the

di versiity transm ssion, as should also the ratio of Pl to P2. Thus, for
a 15 dB difference in average transmtted power between the nain and
diversity transm ssions, 15 the auxiliary power anptifier has a power |evel
whi ch Is 7.5 dB (5.6 tinmes) |lower than the power |evel of the main
power anplifier. Therefore, k=1/5.6 and 1/(1-k) = 1/(1-1/5.6)

mul tiplying top and bottom by 5.6 results in 5.6/4.6 or 1.22.
Accordingly, the 20 main power anplifger is then 5.6/4.6 or 1.22 timnes

the desired main signal power output level (Pl) to conpensate for the

| oss of thedimatidayidnEpouherratio of the dikbancekofledein the art wll

D0 1 2L ot G P SadDEPLETBH' chNRRL WORLABRGIRL2D oxtended
t han one diartdidry mobilYearstatsionntéotheabasanshatiansfrBsPEn. Furt her
relatively high. This can lead to a large difference
5 in the signal strength that the base station receives
from both mobile stations because signal propagation
loss varies roughly as a function of the fourth power
of the distance between a mobile station and a base
station. Since mobile stations in CDMA systems can
10 transmit on the same frequency at the same time,
signals received at the base station having
relatively high signal strengths tend to interfere
with those having lower signal strengths. This is
not a problem in satellite communications since a
15 geostationary satellite is equidistant from all
points on the earth.

Recent advances in CDMA techniques, such as
subtractive demodulation, have resulted in more
attention now being given to CDMA techniques for

20 landmobile radio applications. In subtractive CDMA
demodulaﬁion, signals received at the base station
are demodulated in signal-strength order from highest
to lowest, and decoded signals are subtracted out of
the composite signal before attempting to decode the

25 next weakest signal. Subtractive demodulation
combined with power tapering, which is described
below, on the downlink and appropriate selection of
mobile power on the uplink, controis the near/far
ratio problem with respect to signals on the same

30 frequency. These techniques, however, do not
compensate for potential interference from signals on
other frequencies which would be too complicated to
decode and subtract out. Therefore conventional CDMA
systems, as well as subtractive demodulation systems,



diversity transm ssions can be nmade with progressively del ayed or
advanced versions of the 30 main signal such that each separate diversity

transm ssi on appears |ike an echo (or pre-echo) having a different tine
del ay (or advance) equal to mul ti ples of the chip period.
3

do not provide any particular benefits in terms of
adjacent channel interference tolerance.

Greatest capacity in CDMA systems can be
obtained when the power used to transmit to a mobile

5 station on the downlink is tailored according to the

distance from the mobile station to the center of the
cell since this will reduce interference. Higher
power is transmitted to mobile stations further away
while lower power is transmitted to those mobile

10 stations near the cell center. The consequence of
this technique, called power tapering, is that the
weaker signals will be more sensitive to interference
from energy in the adjacent channels than will be the
stronger signals. It is unfortunately the weaker

15 signals' greater sensitivity that determines the
quality of channel filters used in receivers to
suppress adjacent channel energy and, therefore, the
benefits of power tapering can be offset by the
expense of the channel filters.

20 Another factor in determining the required
adjacent channel suppression is the fading margin
that must be allowed. Even if adjacent channel
signals are transmitted from the same base station
antenna as the desired signal, these adjacent channel

25 signals will fade in a manner uncorrelated to the
fading of the desired signal, so that the adjacent
channel signal can at times become stronger while the
desired signal fades weaker. If 0.1 percent fading
tolerance must be allowed for, a fading margin of

30 over 30 dB must be added to the .required adjacent
channel suppression requirements.
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12, Anot her exenplary preferred enbodi ment wil| now be

descrilbbed with reference to Figure 2. Separat e antennas can be provi ded
wher e adj acent channel s are used in the sane cell, due to the 5
impracticality of building | owloss nultiplexing filters that can couple
adj acent frequencies to the sanme antenna w thout a guard band between
them It Is generally nore feasible to nultiplex alternate frequency
channel s into one antenna and those 10 channels in between into another
antenna. Wiile the exenpl ary enbodi nent of Figure 2 illustrates one such
transm ssion system those skilled in4he art wll appreci ate that the
"in between" channels (e.g., f2, f4, f6 at nodul ator 22) can be

mul tiplexed into 15 another antenn®BUYMMAR¥hown) using a sinmlar system

Referring to Figure 2 h% gkrggnEQHng%ntidﬂggygf%dﬁégrdﬁégé”éAdto be
a8 Ato

transmtted i s nodul a
other problems by providing methods and systems for

improving the tolerance of CDMA systems to non-

5 subtractable interference sources, to match the
benefits conferred by subtractive demodulation as
regards subtractable co-channel interference.
According to a preferred embodiment of the invention
this object is achieved by providing a diversity path

10 on the downlink by means of a second, delayed
transmission from a different antenna. The diversity
transmissions are, for example, used for those
signals at the low end of the power taper, and can be
multiplexed into an antenna used for transmitting the

15 adjacent channel signals, and vice versa, i.e., the
diversity transmissions on the adjacent frequency
take place via the antenna used for transmissions on
the first frequency.

By providing within-cell diversity for

20 weaker signals according to exemplary embodiments of
the present invention, the probability of fading
occurring for those signals is greatly reduced.
Thus, much less than a 30 dB fading margin is needed
to provide 0.1 percent fading tolerance and adjacent

25 channel protection requrements are commensurately
reduced.

One advantage which arises from using CDMA
in cellular communications is the ability to use the
same radio frequencies concurrently in adjacent

30 cells. Of course, capacity will be reduced due to
the contribution to the interference in a cell from
neighboring cells using the same radio frequency. It
has been determined, however, that maximimum capacity
in CDMA systems can be achieved by tolerating a

This is the replacement sheet
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carrier frequency fl in the nultiple nodul ator 20. The out put signal of
the nodll ator is anplified in a 20 high-power transnit anplifier 21, the
out’put of which is connected to one input of nultiplexing filter 22.

The other inputs of the nultiplexing filter 22 are avai | abl e to connect
to transmt anplifiers (not shown) using carrier frequencies f3, f5, f7,
etc. 25 The output of the multiplexing filter 22 is conbi ned
in a directional coupler 23 or simlar RF conmbi ning network with the

| ower power output of a mul tiplexing filter 24 adapted to carrier
frequenci es f2, f4, f6...etc. on whixh diversity transmissions 30 are to
be provided. The conbi ned output fromthe, di rectional coupler 23 is
connect ed t occeREadnt apAEnt ofsadditional inteyferengetdadierr]-Blerr] for

whi ch di ver siéyultst £28aNMuSEhGNEHAr 8ahe Feepienicied dire awjdidaited onto
cells. This, however, leads to another difficulty,
specifically that of coupling transmitters to a

5 common antenna which are employing immediately

adjacent fregquencies with no guard band between each
signal. Exenmplary embodiments of the present
invention overcome this problem by providing two or
more separated transmit antennnas at base stations.

10 These transmit antennas serve the dual purpose of
handling alternate transmitter channel freduencies so
as to overcome the lack of guard band problem while
providing transmit diversity for wvulnerable (i.e.,
weaker) signals.

15 Thus according to one exemplary emboediment
a diversity transmission system comprises: a first
modulator for modulating a first set of information
signals on to a first radio carrier frequency, a
second modulator for modulating at least one of a

20 second set of information signals on to a second
radio carrier frequency, a first transmit power
amplifier for the modulated signal at the first
carrier frequency, a second transmit power amplifier
for the modulated signal at the second carrier

25 frequency, and a radio frequency combining network
for combining the outputs of the first and second
transmit power amplifiers and coupling the combined
signal to a first antenna for transmission.

BRIEF DESCRIPTION OCF THE DRAWINGS _
30 These and other objects and features of the

present invention will become more apparent from
reading the following detailed description in
conjunction with the drawings, in which:
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13, carrier frequency f2 in nultiple signal nodul ator 26, anplified

in the ower power diversity transmt anplifier 27 and then fed to the
f2 i nput of the mul tiplexing filter 24. As nentioned earlier, a 5
duplicate arrangenment (not shown) is provided with a separate antenna

for the main transnm ssion channel of

6

Figure 1 illustrates a block diagram of a
diversity transmission system according to a first
embodiment of the present invention, and

Figure 2 illustrates a block diagram of

5 another diversity transmission system according to a
second embodiment of the present invention.
DETAILED DESCRIPTION

Referring to Figure 1, a number of signals
denoted A;-A; to be transmitted with respectively '

10 descending signal strengths are applied to a signal
encoder and modulator 1 where they are coded and
modulated upon a carrier frequency fl. The composite
output signal containing the sum of said modulated
signals having desired descending signal strength

15 levels is fed to a transmit power amplifier 3. The
power output of this amplifier is sufficient to cope
with the strongest signal A, as well as the other
signals A,-A;, and can be, for example, a linear power
amplifier to minimize intermodulation.

20 A similar arrangement including modulator 7
and power amplifier 9 is provided to transmit a
second set of signals B,-B; using an adjacent carrier
frequency f2. The output signals from the power
amplifiers 3 and 9 pass through directional couplers

25 or other suitable RF summing networks 5 and 11,
respectively, to the respective antennas 6 and 12.

A third encoder and modulator 2 is provided
for a number of the weaker B group signals B;-B; which
are impressed on carrier frequency f2 and amplified

30 in a power amplifier 4. This power amplifier 4 has a
reduced power output compared to the power amplifier
3 since it processes the relatively weaker signals Bs—
Bg. The output of the power amplifier 4 at carrier
frequency f2 is added to the output of the power

i H P .y fe g )
R s . 3 Aomn wu £13 i, gt
ChiG 18 the repizcament alogs

Y ooy 15% ’ﬂ‘
ot Ll ALAE
ST A Y 1_;%’21
Dawe



signals Bl[err]-Blerr] and the diversity transm ssion of signal s
Alerr]-Aerr]. Al t hough exenpl ary enbodi nents of the 10
present i nvention have been described, for exanple, in terns of using
plural antennas for transmtting signals, those skilled in the art wll
recogni ze t hat the present can be inplenented in other ways. For
exanpl e, a single dual-polarization antenna could be 15 substituted for the
antennas 6 and 9 and the nain and di versity transm ssions could be
coupl ed to separate i nputs of the dual -polarization antenna. The main
signal could then be transnitted at ond polarity, while the diversity
signal is transmtted at a 20 polarity which is orthogonal tqg that of the
mai n si gramplif kprs rayhearuher cfregrarcingl| dnt thendirectiyandlar .

Al though pr efffgrsk esrpodi nents of the present invention have been

described with referenge 25,19, an, Pl 8Ly, YL IRY RLgight stonals for

group of A signals A;-3A; and the corresponding reduced
5 power amplifier 10 are provided, the output at
carrier frequency fl of which is added in a
directional coupler 11 to the output at carrier
frequency £2 of the power amplifier 9. Antenna 6
thus provides transmit diversity for the weaker group

10 of B signals while antenna 12 provides the same for
the weaker group of A signals. )

The modulator 8 encodes the weaker A
signals with at least one chip period delay or
advance compared to the first modulator 1.

15 Similarly, the modulators 7 and 2 have the same chip
timing relationship for the B signals, so that a
mobile station receiver perceives the diversity
signal as an echo or pre-echo of the main signal
depending on whether the B signals have been delayed

20 or advanced, respectively. The term "chip" as used
herein denotes a bit in a codeword transmitted in a
CDMA system and a chip period is the amount of time
needed to transmit one bit of a codeword. The mobile
station can then use an echo-equalizing receiver,

25 such as a RAKE receiver, to combine energy from
different echoes to add the diversity signals. An
example of such a RAKE receiver can be found in
commonly-assigned, copending U.S. Patent Application
Serial No. 08/054,028, entitled "Quantized Coherent

30 Rake Receiver" and filed on April 29, 1993.

For the purposes of illustrating this
exemplary embodiment, a power tapering has been
computed for one particular set of system parameters
and is set forth below as Table 1. It is beyond the
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main transmt channel and four signals on the diversity channel, it is to
be understood that this exenpl ary systemis nerely provided for

i | 'ustration and that any nunber of signals could be supplied to 30
either the main or diversity channels. Mreover, whil e particul ar

enbodi nents of the present invention have been described and illustrated,
It should be understood that the invention is not limted thereto si nce
nodi fications can be made by persons skilled in

8

scope of the present invention to discuss how such
power tapering computations are performed, however an
exemplary method and system can be found in copending
European Patent Application Serial No. 93850067.5

5 entitled “"Duplex Power Control%" which was filed on
April 1, 1993 and published October 13, 1993 and
which is incorporated here by reference.

TABLE 1
Level number Signal level Corresponds to
10 or position wrt total power signal
1 -8 dB A,
2 -8.5 dB
3 -9.1 @B A,
4 -3.8 dB
15 5 -10.6 4B
6 -11.5 dB
7 -12.4 dB A,
8 -13.3 dB
9 -14.2 dB
20 10 -15.1 &B
11 -16 dB
12 -17 4B
13 -18 dB A,
14 -19 4B
25 15 -20 dB
16 -21.1 4B
17 -22.3 dB
18 -23.6 dB 1
19 -25.5 dB Aq
30 20 -27.5 dB
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14 . the art. The present application contenplates any and all nodifications
that fall within the spirit and scope of the present invention as disclosed

and cl ai ned herein. 15
9
Level number Signal level Corresponds to
or position wrt total power signal
21 -29.5 4B
22 -32 dB
23 -36 dB A-]
24 -42 dB B
5 Note that the above table illustrates a

system which is not fully loaded as only eight of the
available signal levels are being used. Signals A,-3,
are initially adjusted to different power levels
according to the distance of the intended mobile

10 recipient from the base station. Power adjustment
can be achieved, for example, by providing a
different modulator for each signal with the outputs
thereof being scaled to the desired power level
before summing all of the signals together.

15 Alternately, the chipstreams can each be scaled to
the desired power level, added together, applied to a
common premodulation filter and then modulated by a
single modulator.

The indexing of the signals indicates the

20 order after sorting in descending order of signal
strength. In the exemplary Table 1, above, the
optimum signal strengths for a uniform area
distribution of mobiles covers a 34 dB range from
strongest to weakest. In such an exemplary éase,

25 those signals more than 15 dB below the strongest
signal can be ascribed to a group for which diversity
transmissions will be provided by means of the lower
power auxiliary transmit amplifiers (e.g., signals A;-
A; in the example of Table 1).

T ~ gy e i
Ths e the renlgecament aiog

(R PR
et & LAk . oy i e N

w 30D oy
ARSI 4



What is clained is: 1. A diversity transm ssion system conpri sing:
a first: nodul ator for nodulating a first set of information signals on to

a first radio carrier frequency; a second nodul ator for nodul ating at
| east one of a second set of infornmation signals on to a second radio
carrier frequency; and a radi o frequency conbi ning network for

conbi ni ng out puts

having different carrier frequencies and coupling said conbi ned

a conmmon

| east one of said second set of

transm ss

10

15

20

25

30

of said first and second nodul ators with other signals

si gnal

power anplifier and antenna for transm ssion, wherein said at

to

I nf @omati on signals serves as a diversity

1ssion and is transmtted at a power level |ower than a same signal
transmitted on sai d agthotigham imrtofifa of sspendhan ekhadB below

the strongest signal is used in the aforementioned
exemplary embodiment for separating signals
considered to be relatively strong, for which within-
cell transmission diversity is not provided, from
signals considered to be relatively weak, for which
within-cell transmission diversity is provided, those
skilled in the art will readily appreciate that other
thresholds could be used. Moreover, those signals
which border the cutoff may be assigned at one time
to the group which includes the stronger signals and
at another time to the group that includes the weaker
signals due to movement of a mobile station within
the cell.

When a signal is reassigned from, for
example, the stronger group to the weaker group,
there arises a need to start transmitting a
corresponding signal in the diversity path that had
not been transmitted during the previous period. To
avoid reduction in decoding performance at the
receiver, such signals are smoothly ramped up to a
target power level. Likewise, upon reassignment from
the weaker group to the stronger group, the
corresponding signal in the diversity path is
gradually ramped down. Accordingly, the average
level of diversity transmission changes smoothly as a
signal passes from one to another of the stronger and
weaker dgroups.

If the desired total average transmission
power for the signals in the stronger group is
denoted P1, for the weaker group P2, and the
directional coupler has a power loss factor k from
the auxiliary (lower power) power amplifier to the
antenna and a power loss factor (1-k) from the main
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2. . The diversity transm ssion systemof claim1, wherein said at |east
one of ‘'said second set of information signals serving as a diversity
transm'ssion is del ayed or advanced with respect to a sane signal
transmtted on said second carrier frequency via a second antenna.

3. Adiversity transm ssion system conprising: a first nodul ator for
nmodul ating a first set of information signals on to a first radio carrier
frequency; a second nodul ator for nodul ating at | east one of a second

set of information signals on to a second radio carrier frequency; and
a radi o frequency conbi ni ng network f &t conbi ning outputs of said first and

second nodul at ors and, coupling. the conbi ned,signal, t onmon power '

anplifier aﬁﬁwﬁﬁtéﬂﬁélff&fegt F&n§&?’|es§‘i“8"ﬁ,m\ﬁhert§e%’ gcé’led%é’tq-'a‘(ieast one of said

second set abtetrafar poweenthieghaos poeereamgd if idinse mistty delanan ssion and is
is given by:

Ptot = Pl + P2
5 (1-k) k (1)

Total average transmission power can be
minimized by choosing k/(1-k) in Equation (1) to

equal PZ/P1I . For maximum efficiency, the coupling

ratio of the directional coupler should be half the
10 desired number of dBs difference in power level
between the main transmission and the diversity
transmission, as should also the ratio of P1 to P2.
Thus, for a 15 dB difference in average transmitted
power between the main and diversity transmissions,
15 the auxiliary power amplifier has a power level which
is 7.5 dB (5.6 times) lower than the power level of
the main power amplifier. Therefore, k=1/5.6 and
1/(1-k) = 1/(1-1/5.6) multiplying top and bottom by
5.6 results in 5.6/4.6 or 1.22. Accordingly, the
20 main power amplifier is then 5.6/4.6 or 1.22 times
the desired main signal power output level (P1l) to
compensate for the loss of the directional coupler.
Those skilled in the art will appreciate
that principles of the present invention can be
25 extended to more than two antennas and frequencies
and to the provision of more than one diversity
transmission for each main transmission. Further
diversity transmissions can be made with
progressively delayed or advanced versions of the
30 main signal such that each separate diversity
transmission appears like an echo (or pre-echo)
having a different time delay (or advance) equal to
multiples of the chip pericd.



transmtted at a power |level |lower than a sanme signal transmtted on said
second ‘carrier frequency via a second antenna.

16 T4, The diversity transm ssion systemof claim 3, wherein
said at | east one of said second set of information signals serving as a
diversity transm ssion is delayed or advanced with respect to a sanme signal
transmtted on said

12

Another exemplary preferred embodiment will

now be described with reference to Figure 2.
Separate antennas can be provided where adjacent
channels are used in the same cell, due to the

5 impracticality of building low-loss multiplexing
filters that can couple adjacent fregquencies to the
same antenna without a guard band between them. It
is generally more feasible to multiplex alternate
frequency channels into one antenna and those

10 channels in between into another antenna. While the
exemplary embodiment of Figure 2 illustrates one such
transmission system, those skilled in the art will
appreciate that the "in between" channels (e.g., f2,
f4, f6 at modulator 22) can be multiplexed into

15 another antenna {(not shown) using a similar systemn.

Referring to Figure 2, a first set of
signals A,~A; to be transmitted is modulated onto
carrier frequency fl1 in the multiple modulator 20.
The output signal of the modulator is amplified in a

20 high-power transmit amplifier 21, the output of which
is connected to one input of multiplexing filter 22.
The other inputs of the multiplexing filter 22 are
available to connect to transmit amplifiers (not
shown) using carrier frequencies f3, f5, f7, etc.

25 The output of the multiplexing filter 22 is
combined in a directional coupler 23 or similar RF
combining network with the lower power output of a
multiplexing filter 24 adapted to carrier frequencies
f2, £f4, f6...etc. on which diversity transmissions

30 are to be provided. The combined output'from the
directional coupler 23 is connected to the antenna
25.

The signals Bs-B; for which diversity
transmissions are to be provided are modulated onto



second carrier frequency via a second antenna. 5. The diversity
transm’'ssion systemaccording to claim3 in which said comon transm t

power anplifier is a linear or linearized power anplifier designed to
m nim ze internodul ati on between said signals. 6. The diversity
transm ssion systemas in claim3 further conprising: athird

nodul at or for nodul ati ng said second set of information signals on to said
second radio carrier frequency; a fourth nodul ator for nodul ating at | east
one of said first set of information signals on to said first radio carrier
frequency; a second radio frequerfey conbining network for conbining
outputs of said third and fourth podul atpors and coupligglthe conbi ned

signal to aCRaddRF JSSRmIEFNEE2 abpl P41 BiPLR ¢Sighahpgodilator 26,

amplified in the lower power diversity transmit
amplifier 27 and then fed to the f2 input of the
multiplexing filter 24. As mentioned earlier, a
5 duplicate arrangement (not shown) is provided with a
separate antenna for the main transmission channel of
signals B,-B; and the diversity transmission of
signals A;-A;.
aAlthough exemplary embodiments of the
10 present invention have been described, for example,
in terms of using plural antennas for tranéhitting
signals, those skilled in the art will recognize that
the present can be implemented in other ways. For
example, a single dual-polarization antenna could be
15 substituted for the antennas 6 and 9 and the main and
diversity transmissions coculd be coupled to separate
inputs of the dual-polarization antenna. The main
signal could then be transmitted at one polarity,
while the diversity signal is transmitted at a
20 polarity which is orthogonal to that of the main
signal, e.g., right-hand circular and left-hand
circular.
Although preferred embodiments of the
present invention have been described with reference
25 to an exemplary system having eight signals for the
main transmit channel and foeur signals on the
diversity channel, it is to be understood that this
exemplary system is merely provided for illustration
and that any number of signals could be supplied to
30 either the main or diversity channels. Moreover,
while particular embodiments of the present invention
have been described and illustrated, it should be
understood that the invention is not limited thereto
since modifications can be made by persons skilled in
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for transm ssion. 7. The diversity transm ssion systemas in claim
3 further conprising: a third nodul ator for nodul ating said second set
of 'information signals on to said second radio carrier frequency; a
third transmt power anplifier for said third nodul ated signal at said
second carrier frequency, the output of which is fed to a second antenna
for transm ssion. 8. The transm ssion systemof claim7, wherein
said first and second antennas conprise orthogonal polarizations of a

dual - pol ari zati on ant enna. 14

the art. The present application contemplates any
and all modifications that fall within the spirit and

scope of the present invention as disclosed and
claimed herein.



9. A diyversity transm ssion system conpri sing:

17 afirst modulator for nodulating a first set of information
signals on to a first radio carrier frequency; ~..a second nodul ator for
nmodul ati ng at | east one of a second set of information signals Oﬁ“to a
second radi o carrier frequency; a first transhi SheRtPEBeed Jder for
o e LT
15
CLAIMS:
1. A diversity transmission system
comprising:

a first modulator for modulating a
5 first set of information signals on to a first radio
carrier frequency;

a second modulator for modulating at
least one of a second set of information signals on
to a second radio carrier frequency;

10 a first transmit power amplifier for
said modulated signal at said first carrier
frequency;

a second transmit'power amplifier for
said modulated signal at said second carrier

15 frequency; and

a radio frequency combining network
for combining the outputs of said first and second
transmit power amplifiers and coupling the combined
signal to a first antenna for transmission.

20 2, The diversity transmission system of
claim 1 further comprising:

a third modulator for modulating said
second set of information signals on to said second
radio carrier frequency; and

25 a third transmit power amplifier for
said third modulated signal at said second carrier
frequency, the output of which is fed to a second

antenna for transmission.

3. The diversity transmission system of
30 claim 1 further comprising:
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sigpal at said first carrier frequency,; a second transmt power
anplifier for said nodul ated signal at said second carrier frequency; and
a radi o frequency conbi ni ng network for conbini ng the outputs--of-said first
and second transmt power anplifiers and coupling tH%m%? 'nip signal to a
first antenna for transm ssion, wherein said at |eastp < fPlaced on g
set of information signals serves as a diversity tranHmﬂ , S
transmtted at a power |evel |ower than a sanme signal n said
second carrier frequency via a second antenna. 10. The diversity
transm ssion systemof claim9, whereiug said atl east one of said second set

of information signals serving as a diversity transm ssion is del ayed or
advanced with respect to aasaiE sl grealulataorsnfer esbdwmlakingseabdd carrier

frequency Vggcgnae%%Qdc&nE%E@}mation signals on to said second
radic carrier frequency;

a fourth modulator for modulating at
5 least one of said first set of information signals on
to said first radio carrier frequency;

a third transmit power amplifier for
amplifying a signal generated by said third
modulator;

10 a fourth transmit power amplifying a
signal generated by said fourth modulator; and

a radio frequency combining network
for combining outputs of said third and fourth
transmit power amplifiers and coupling the combined

15 signal to a second antenna for transmission.

4. A diversity transmission system
according to claim 2, wherein said second antenna is
spaced many wavelengths from said first antenna so as
to obtain maximum spatial diversity gain.

20 5. A diversity transmission systen
according to claim 3, wherein said second antenna is
spaced many wavelengths from said first antenna so as
to obtain maximum spatial diversity gain.

6. A diversity transmission system
25 according to claim 1, wherein said radio-frequency
combining networks are directiocnal couplers.

7. A diversity transmission system
according to claim 3, wherein said radio-frequency
combining networks are directional couplers.

DMy T e repiecement shee
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11.- A diversity transm ssion systemaccording to claim9, wherein said
r adi o- fFequency conbining networks are nmultiplexing filters.

A diversity transm ssion systemaccording to claim?9, wherei-n-sai-d-
radi o- frequency conbi ni ng networks are directional coupler

diversity transm ssion systemof claim9 further conpr|5| is Sheet Has

nodul at or for nodul ati ng said second set of information sig Hlmm'

second radio carrier frequency; and

17

8. A diversity transmission system
according to claim 1, wherein said radio-frequency

combining networks are multiplexing filters.

9. A diversity transmission system
5 according to claim 3, wherein said radio-frequency
combining networks are multiplexing filters.

10. A diversity transmission system
according to claim 2, wherein said at least one
signal fed to said second modulator is delayed or

10 advanced with respect to the same signal applied to
said third modulator.

11. A diversity transmission system
according to claim 3, wherein said at least one
signal fed to said second modulator is delayed or

15 advanced with respect to the same signal applied to
said third modulator; and
said at least one signal fed to said
fourth modulator is delayed or advanced with respect
to the same signal applied to said first modulator.

20 12. A diversity transmission systen
according to claim 10, wherein said at least one
signal is delayed or advanced by a whole number of
bit or symbol periods.

13. A diversity transmission system
25 according to claim 11, wherein said at least one
signals are delayed or advanced by a whole number of
bit or symbol periods.
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18. o a third transmt power anplifier for said third nodul ated signa
at sai d second carrier frequency, the output of which is fed to a second

antenna for transm ssion. 14. A diversity transm ssion system . ._._
according to claim 13, wherein said second antenna is spaaea nany

wavel engths fromsaid first antenna so as to obtain a3|Been Replaced
sty ot T

18

14. A diversity transmission systenm
comprising:

a first modulator for modulating a
first set of information signals on to a first

5 carrier frequency;

a second modulator for modulating at
least one of a second set of information signals on
to a second carrier fredquency;

a first transmit power amplifier for

10 said modulated signal at said first carrier
frequency;

a second transmit power amplifier for
said modulated signal at said second carrier
frequency;

15 an antenna multiplexing filter that
combines an output of said first transmit power
amplifier with at least one other signal having at
least a third carrier frequency intended for
transmission from the same antenna; and

20 a radio frequency combining network
for combining the outputs of said antenna
multiplexing filter and said second transmit power
amplifier and coupling the combined signal to a first

antenna for transmission.

25 15. A diversity transmission system
comprising:

a first modulator for modulating a
first set of information signals on to a first
carrier frequency;

30 a second modulator for modulating at
least one of a second set of information signals on

to a second radio carrier frequency;
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15.. The transm ssion system of claim 13, wherein said first and second

ant ennas conpri se orthogonal polarizations of a dual-polarization antenna.
16. A diversity transm ssion systemaccording to claim 13, wherein said at

| east one signal fed to said second nmodul ator is delayed or advanced wi th
respect to the sane signal applied to said third nodul at or. ThszheetHas’Lﬁeenﬁbpjaced

diversity transm ssion system according to claim 16, mhereln m“
one signal is delayed or advanced by a whol e nunber of bit o mml,zﬂm
peri ods. 18. The diversity transm ssion systemof claim
conpri si ng: a third nodul ator foagnodul ati ng said second set of

a first transmit power amplifier for
said modulated signal at said first carrier
frequency;

a second transmit power amplifier for

5 said modulated signal at said second carrier
frequency;

a first antenna multiplexing filter
that combines an output of said first transmit power
amplifier with at least one other signal having at a

10 least a third carrier frequency intended for
transmission from the first same; )

a second antenna multiplexing filter
that combines an output of said second transmit power
amplifier with at least one other signal having at

15 least a fourth carrier frequency intended for
transmission from the same antenna; and

a radio frequency combining network
for combining the outputs of said first and second
antenna multiplexing filters and coupling the

20 combined signal to a first antenna for transmission.

16. A diversity transmission system
according to claim 14, wherein said at least one
other signal having at least a third carrier
frequency are generated by a fifth modulator and

25 fifth transmit power amplifier.

17. A diversity transmission system
according to claim 15, in which said at least one
other signal having at least a third carrier
frequency are produced by a fifth modulator and fifth

30 transmit power amplifier.

) ) ) Ths i the repiacement sheet
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i nformation signals on to said second radio carrier frequency; a
fourth modul ator for nodulating at |east one of said first set of
inforngtion signals on to said first radio carrier frequency; . —- a-third-
transmt power anplifier for anplifying a signal generated by said third

modul at or; a fourth transmt power anplifying a signafhi n Replaced
said fourth nodul ator; and a radi o frequency conbi ning L T“\
combi ning outputs of said third and fourth transmt power '
coupling the conbined signal to a second antenna for transm ssion.

20

18. A diversity transmission system
according to claim 17, in which said at least one
other signal having at least a fourth carrier
frequency are produced by a sixth modulator and

5 sixth transmit power amplifier.

19. A diversity transmission system
according to claim 15 further comprising:

a third modulator for modulating a
second set of information signals on to said second

10 radio carrier frequency;

a fourth modulator for modulating at
least one of said first set of information signals on
to said first radio carrier frequency;

a third transmit power amplifier for

15 said third modulated signal at said second carrier
frequency;

a fourth transmit power amplifier for
said fourth modulated signal at said first carrier
frequency;

20 a third antenna multiplexing filter
that combines an output of said third transmit power
amplifier with at least one signal having at least a
fourth carrier frequency intended for transmission
from the same antenna;

25 a fourth antenna multiplexing filter
that combines an output of said fourth transmit power
amplifier with at least one other signal having at
least a third carrier frequency intended for
transmission from the same antenna; and

30 a radio frequency combining network
for combining the outputs of said third and fourth
antenna multiplexing filters and coupling the
combined signal to a second antenna for transmission.

i
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19 - . 19. Adiversity transm ssion systemaccording to claim 18, wherein
sald radi o- frequency combining networks are nmultiplexing filters.

20. A dlver5|ty transm ssi on system according to claim 18, wherein said
radi o- frequency conbi ni ng networks are directional couplers. 21. The
transm ssion systemof claim 18, wherein said first and second antennas
conpri se orthogonal polarizations of a dual-polarization antenna.- =

This Sheet Has Been Replac
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20. A diversity transmission system

comprising:

a first modulator for modulating a

first set of information signals on to a first radio
S carrier fregquency;

a second modulator for modulating at
least one of a second set of information signals on
to a second radioc carrier frequency; and

a radio frequency combining. network

10 for combining outputs of said first and second
modulators and coupling the combined signal to a
common power amplifier and antenna for transmission.

21. The diversity transmission systenm as
in claim 20 further comprising:

15 a third modulator for modulating said
second set of information signals on to said second
radio carrier frequency;

a third transmit power amplifier for
said third modulated signal at said second carrier

20 frequency, the output of which is fed to a second
antenna for transmission.

22. The diversity transmission system as
in claim 20 further comprising:
. a third modulator for modulating said
25 second set of information signals on to said second
radio carrier frequency;
a fourth modulator for modulating at
least one of said first set of information signals on

to said first radic carrier frequency;
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22.~ A di,versity transm ssion system according to claim 18, wherein said
second antenna i s spaced many wavel engths fromsaid first antenna so as to
obtai n maxi mum spatial diversity gain. 23. The diversiity . .
transm ssi on systemaccording to claim22 in which said at | east one of

sai d second set of signals is transmtted at a power |evel |THigSheetHasBedniReplaced
transm ssion of said first set of signals. 24. A diver

transm ssion system according to claim 18, wherein said at |

fed to said second nodul ator is delayed or advanced with respect to the

sane signal applied to said third nod@ator; and said at | east one

signal fed to said fourth nodul atoyr is del ayed or advanced.,with respect to
the same signal applied to3HAFMG ARy fERGIencY combining

network for combining outputs of said third and
fourth modulators and coupling the combined signal to
a second common power amplifier and antenna for

S transmission.

23. A diversity transmission system
comprising:

a first modulator for modulating a
first set of information signals on to a first radio

10 carrier frequency;

a second modulator for modulating at
least one of a second set of information signals on
to a second radio carrier frequency; and

a radio frequency combining network

15 for combining outputs of said first and second
modulators with other signals having different
carrier frequencies and coupling said combined signal
to a common power amplifier and antenna for
transmission.

20 24. The diversity transmission system
according to claim 20 in which said common transmit
power amplifier is a linear or linearized power
amplifier designed to minimize intermodulation

between said signals.

25 25. The diversity transmission system
according to claim 5 in which said at least one of
said second set of signals is transmitted at a power
level lower than the transmission of said first set

of signals.
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25:.. A diversity transm ssion systemaccording to claim24, wherein said at
| east one signals are del ayed or advanced by a whol e nunber of bit or

syhbol peri ods. 26. A diversity transm ssion system conpri Sing:
a first nodulator for nodulating a first set of information signals onto a
first carrier frequency; ThisXheet Has Been Repla

|

i

1

23

26. A radio transmission system for
multiple signals comprising:
first transmit means for modulating a
first set of information signals onto even-numbered
5 radio channels and amplifying said first set of
information signals to produce a first set of
transmit signals;
second transmit means for modulating a
second set of information signals onto odd-numbered
10 radio channels and amplifying said second set of
information signals to produce a second set of
transmit signals;
third transmit means for modulating
selected ones of said first set of information
15 signals onto respectively assigned even-numbered
radio channels and amplifying said selected signals
to produce a diversity transmit signal;
first transmit multiplexer means for
multiplexing said first set of transmit signals to
20 form a first composite signal and feeding said first
composite signal to a first antenna means;
second transmit multiplexer means for
multiplexing said second set of transmit signals to
form a second composite signal, and
25 coupling meahs for coupling said
second composite signal and said diversity transmit
signal to a second antenna means.

27. A transmission system as in claim 26
in which said first antenna means and said second
30 antenna means comprise orthogonal polarization inputs

of a dual-polarization antenna.
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a second nodul ator for nodul ating at | east one of a second set of
informati on signals on to a second carrier frequency; a first transmt
power anplifier for said nodul ated signal at said first-carrier frequency;
a second transmt . power anplifier for said nodul ated si ?ISthEHSsaéegnﬁeeﬁ&Qd
carrier frequency; an antenna nmultiplexing filter t i

output of said first transmt power anplifier with at Iea?kuﬁﬁ'maalﬂl
signal having at least a third carrier frequency intended L i on
fromthe sanme antenna; and a radi o frequency conbi ning network for
conbi ning the outputs of said antenna2fultiplexing filter and said second
transmt power anplifier and coupling the conbined signal to a first
antenna for transm ss?®n, Ther Eransaigsien systegn@fofcladiml Zecond set of

i nf or Mat i Ony 154888 SsEEAVESrat andi LBEShlY ahftaftilisS Hoibrak i S transmitted

at a power |eve . . .
P orthogonal polarizations of a dual-polarization

antenna.

5 29. The transmission system of claim 3,
wherein said first and second antennas comprise
orthogonal polarizations of a dual-polarization
antenna.

30. The transmission system of claim 19,
10 wherein said first and second antennas comprise
orthogcnal polarizations of a dual-polarization
antenna.

31. The transmission system of claim 21,
wherein said first and second antennas comprise
15 orthogonal polarizations of a dual-polarization
antenna.

R
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| ower than a sane signal transmtted on said second carrier frequency via a
second ant enna. 27. A diversity transm ssion systemaccording to
claim 26, wherein said at | east one other signal having at least a third
carrier frequency are generated by a fifth nodulator and fifth transmt
power anplifier. 28. The divergigy transm ssion system of claim 26,
wherein said at | east one of said second set of information signals serving
as a diversity transnission is delayed or advanced with respect to a sane
signal transmtted on sai ond carrier fre uencXDXASEa second_ant enna.

29. A d|vergﬁpyofrHﬁ¥ﬁ?§§FSnT§9§§§ﬁ§§BﬂﬁrFglﬁ LAX NT CHANNEL

REQUIREMENTS IN MOBILE TELEPHONE SYSTEMS

ABSTRACT

The present invention includes a system and
method for reducing adjacent channel interference,
particularly in CDMA adiotelephone systems.

5 Diversity transmissions are provided for weaker
signals to be transmitted by coupling delayed or
advanced versions of these weaker signals to an
antenna which is also transmitting signals on an
adjacent fregquency. -

Figure 1
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a first nodulator for nodulating a first set of information signals on to a

first ¢arrier frequency; a second nodul ator for nodul ating at | east
one of a second set of information signals on to a second radio carrier
21  frequency; a first transmt power anplifier for said nodul at ed

signal at said first carrier frequengys
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a second transmt power anplifier for said nodulated signal at said second
carrier frequency; a first antenna nultiplexing filter that conbi nes
an output of said first transmt power anplifier with at | east one other
signal having at a least a third carrier frequency intended for

transm ssion fromthe first sane; 2a2second antenna nultiplexing filter
that combines an output of said second transmt power anplifier wth at

| east one other sig | east a fourth carrier frequency intended
for transm ssion fromthe sane antenna; and a radi o frequency
conbi ni ng network for &dnbining fhe outputs of said first and second
antenna nultiplexing filters and coupling the conbined signal to a first
antenna for transm ssion, whefeijnsaidlat | east one of said second set of
information signals serves as;a di yersity-—transmssionahd-is transmtted
at a power level lower than a;s ime|sigpal transmitted on said second
carrier frequency via a secong nt ¢nna,
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é»(’)”wThe diversity transm ssion system of clai m29,:.whete ?‘}al dgﬂa,t: L eaksrt‘_“
one of said second set of infornmation signals ’servr ng”\és T vEESIRY R
transm ssion is del ayed or advanced with respecfgto A'eSate vsisgnal 5 nyad
transmtted on said second carrier fI’EC]Ii ncy Vi a a sém{nd g{ﬂéﬁms,

31. A diversity transnission system according]to cliaiing29 : bayret: e][ oy
conpri si ng: a third nodul ator for nodul atji r{g a:isecong: eﬁﬁt Bl nared i
i nf or mat i orWlsatinhs ScP@ihedsasg second radio carrier frequency; a ;

d-fi r&g«*sg@,
fourth nodul ator for nodulating at |east one of rsai =S5 s/w
information signals on to said first radio cafrirer-frequency;.” =t athird;

transmt power ahplifAediverssey deidhsmli SOk adwsk & %pﬂsﬁ%d second
carrier frequency; first modulator for modulating a first set of

information signals on to a first radio carrier frequency;

a second modulator for modulating at least one of a
second set of information signals on to a second radio carrier
frequency; and

a radio frequency combining network for combining outputs
of said first and second modulators with other signals having
different carrier frequencies and coupling said combined
signal to a common power amplifier and antenna for
transmission, wherein said at least one of said second set of
information signals serves as a diversity transmission and is
transmitted at a power level lower than a same signal

transmitted on said second carrier via a second antenna.

2. The diversity transmission system of claim 1,
wherein said at least one of said second set of information
signals serving as a diversity transmission is delayed or
advanced with respect to a same signal transmitted on said

second carrier frequency via a second antenna.

3. A diversity transmission system comprising:

a first modulator for modulating a first set of
information signals on to a first radio carrier frequency;

a second modulator for modulating at least one of a
second set of information signals on to a second radio carrier
frequency; and

a radio frequency combining network for combining outputs
of said first and second modulators and coupling the combined
signal :to & common power amplifier and antenna for
transmlss1on, wherein said at least one of said second set of
information signals serves as a diversity transmission and is
transmitted at a power level lower than a same signal
transmitted on said second ‘carrier frequency via a second
antenna.

Hllllll Hll" ] HIII | IIII
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122" a fourth transmt power anplifier for said fourth nodul ated .
signal at said first carrier frequency; a third antenna multi pl exi ng
filter that conmbi nes an output of said third transmt power anplifier with
at | east one signal having at least a fourth carrier frequency intended for
transm ssion fromthe sane antenna; 163 fourth antenna mul ti pl exi ng
filter that conbines an output of said fourth transmt power anplifier with

at least one other sigpalafaying gt Least,a Ly d.GatLherof  SHiengY 3,
i ntended for trahsm ssron Trom sanme antenna; a
wherein said at least one of said second set of information
signals serving as a diversity transmission is delayed or
advanced with respect to a same signal transmitted on said

second carrier frequency via a second antenna.

5. The diversity transmission system according to claim
3 in which said common transmit power amplifier is a linear
or 1linearized power amplifier designed to twinimize
intermodulation between said signals.

6. The diversity transmission system as in claim 3
further comprising:

a third wmodulator for mocdulating said second set of
information signals on to said second radio carrier frequency;
a fourth modulator for modulating at least one of said first
set of information signals on to said first radio carrier
frequency;

a second radio frequency combining network for combining
outputs of said third and fourth modulators and coupling the
combined signal to a second common power amplifier and antenna

for transmission.

7. The diversity transmission system as in claim 3
further comprising:
a third wmodulator for modulating said second set of

information signals on to said second radio carrier frequency;

a third transmit power amplifier for said third modulated
signal at said second carrier frequency, the output of which

is fed to a second antenna for transmission.

8. 'The transmission system of claim 7, wherein said
first and second antennas comprise orthogonal polarizations
of a dual-polarization antenna.

9. A diversity transmission system comprising:

* c L " S *
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'‘a radi o frequency conbi ni ng network for conbining the outputs of said third

and fourth antenna nultiplexing filters and coupling the conbi ned signal
a second antenna for transm ssion.

claim 31, wherein said first and secondlqntennas conpri se orthogonal
pol ari zations of a dual -pol arization anfenna. 33. Adiversity
transm ssion system according to claim?29, in which said at |east one ot her

signal having at, | egsts@ LA £ | §od ' ROUEASY 186S RS o@ﬁegﬁ byeg fifth
anplifier. 34. A

nmodul ator and fifth transmt_ power

lversity

32. The transm ssion system of

to

transmi ssi dnfoygréhore Al @ daigmidyst radic agaiigraf nesmantie ot her

si gnal

havi ng aty | #88énd modulator for modulating at least one of a

gsecond set of information signals on to a second radio carrier
Erequency;

a first transmit power amplifier for said modulated
signal at said first carrier freguency;

a second transmit power amplifier for said wmodulated
signal at said second carrier frequency; and

a radio frequency combining network for combining the
outputs of said first and second transmit power amplifiers and
coupling the combined signal to a first antenna for
transmission, wherein said at least one of said second set of
information signals serves as a diversity transmission and is
transmitted at a power level lower than a same signal
transmitted on said second carrier fregquency via a second

antenna.

10. The diversity transmission system of claim 9,
wherein said atleast one of said second set of information
signals serving as a diversity transmission is delayed or
advanced with respect to a same signal transmitted on said

second carrier frequency via a second antenna.

11. A diversity transmission system according to claim
9, wherein said radio-frequency combining networks are

multiplexing filters.

12. A diversity transmission system according to claim
9, wherein said radio-frequency combining networks are
directional couplers.

13. .The diversity transmission system of claim 9 further
comprising:

a third modulator for modulating said second set of

’ ‘ L] L] t 13 [
information signals on to said second radio carrier frequency;

and
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ra f'ourth carrier frequency are produced by a sixth nodul ator and sixth
transmt power anplifier. 35. A nethod for diversity transm ssion of
signals in a radiotel ephone system conprising the steps of: nodul ati ng
a first set of information signals onto,a first set of frequency channels
ta produce a first set of transmt sign%?s for transmssion froma first
ant enna,; nodul ating a second set of information signals onto a second

set of frequency COAPRE! SardOnd¥ QWS AmSEELDEr SRS Qhilr BRSHE SN S
signal at said second carrier frequency, the output of which

is fed to a second antenna for transmission.

14. A diﬁersity transmission system according to claim
13, wherein said second antenna is spaced many wavelengths
from said first antenna so as to obtain maximum spatial

diversity gain.

15. The transmission system of claim 13, wherein said
first and second antennas comprise orthogonal polarizations

of a dual-polarization antenna.

16. A diversity transmission system according to claim
13, wherein said at least one signal fed to said second
modulator is delayed or advanced with respect to the same

signal applied to said third modulator.

17. A diversity transmission system according to claim
16, wherein said at least one signal is delayed or advanced
by a whole number of bit or symbol periods.

18. The diversity transmission system of claim 9 further
comprising:

a third modulator for modulating said second set of
information signals on to said second radio carrier freguency;

a fourth modulator for modulating at least one of said
first set of information signals on to said first radio
carrier frequency;

a third transmit power amplifier for amplifying a signal
generated by said third modulatbr;

a fgurth transmit power amplifying a signal generated by
said fourth modulator; and

a radio frequency combining network for combining outputs
of said third and fourth transmit power amplifiers and
coupling the combined signal to a second antenna for

transmission.

A
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23" nmodul ati ng sel ected ones of the first set of information signals
onto the first set of frequency channels to produce diversity signals;

conbi ning the second set of transmt signals with the diversity signals for
transm ssion froma second antenna; 9wherein the first set of frequency
channel s conprises frequency bands mhic% are adjacent in frequency to and
alternate in frequency with frequency bands of the second set of frequency

channel s. 1930 ATREVvERLRY PLafib@ifLIon LPLLORTaCOORE]RG o (s B P Of
del ayi ng or advancing the diversity signals w respect the first set of
transnit si§malgherein said radio-frequency combining networks are

multiplexing filters.

20. A diversity transmission system according to c¢laim
18, wherein said radio-frequency combining networks are

directional couplers.

21. The transmission system of claim 18, wherein said
first and second antennas comprise orthogonal polarizations

of a dual-polarization antenna.

22. A diversity transmission system according to claim
18, wherein said second antenna is spaced many wavelengths
from said first antenna so as to obtain maximum spatial

diversity gain.

23. The diversity transmission system according to claim
22 in which said at least one of said second set of signals
is transmitted at a power level lower than the transmission

of said first set of signals.

24. A diversity transmission system according to claim
18, wherein said at least one signal fed to said second
modulator is delayed or advanced with respect to the same
signal applied to said third modulator; and

said at least one signal fed to said fourth modulator is
delayed or advanced with respect to the same signal applied

to said ﬁirst modulator.

25. A diversity transmission system according to claim
24, whergin said at least one signals are delayed or advanced
by a whole number of bit or symbol periods.

26. A diversity transmission system comprising:
a first modulator for modulating a first set of

information signals on to a first carrier frequency;
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‘37." The nethod of claim35, further conprising the step of transmtting the
diversity signals at a power |evel |lower than the power |evel of the first

set of transmt signals. 38. A diversity transm ssion system
conpri si ng: first nodul ati ng neans éor nodul ating a first set of
information signals onto a first set of “"Trequency channels to produce a

first set of transmt signals for transmssion froma first antenna;

second modul ati 9g Jmafits | AbaliBdEbel ifd and@eONdiRet aefl Yt MBRLOBSI gnal s

onto a second set of frequency channels to oduce second set of transmt

signals; Secopfl ;getoafl dnteFMatded o9 |af1|r¥g>s%| seceadorrearpier he

first set Qieqaggbyatlon S|gnals onto the first set of frequency channel s

to produce diversijf) a_conbi nir f.or nbining t he.secongd set
S

of transmit sigfal ]YW tfﬁ‘élsﬁ‘ﬂ\‘}er%?‘?Vsﬁﬁ‘ﬁ F‘gl{a‘ér FanSAtEsi TR

signal at said first carrier frequency;

a second transmit power amplifier for said modulated
signal at said second carrier frequency;

an antenna multiplexing filter that combines an output
of said first transmit power amplifier with at least one other
signal having at least a third carrier fregquency intended fox
transmission from the same antenna; and

a radio frequency combining network for combining the
outputs of said antenna multiplexing filter and said second
transmit power amplifier and coupling the combined signal to
a first antenna for transmission, wherein said at least one
of said second set of information signals serves as a
diversity transmission and is transmitted at a power level
lower than a same signal transmitted on said second carrier

frequency via a second antenna.

27. A diversity transmission system according to claim
26, wherein said at least one other signal having at least a
third carrier frequency are generated by a fifth modulator and

fifth transmit power amplifier.

28. The diversity transmission system of c¢laim 26,
wherein said at least one of said second set of information
signals serving as a diversity transmission is delayed or
advanced with respect to a same signal transmitted on said
second carrier frequency via a second antenna.

29. .A diversity transmission system comprising:

a first modulator for modulating a first set of
information signals on to a first carrier frequency;

i a second modulator for modulating at least one of a
second set of information signals on to a second radio carrier

; VB L e oh zoarlonmmrmeath i
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-second ant enna; . wherein the first set of frequency channels is

adj acent in frequency to and alternates in frequency with the second set of

frequency channel s. 39. The diversity transm ssion system of claim
8, 24 wherein the diversity signals
are del ayed or advanced with 21

frequency;

a first transmit power amplifier for said wmodulated
signal at said first carrier frequency;

a second transmit power amplifier for said modulated
signal at said second carrier frequency;

a first antenna multiplexing filter that combines an
output of said first transmit power amplifier with at least
one other signal having at a least a third carrier frequency
intended for transmission from the first same;

a second antenna multiplexing filter that combines an
output of said second transmit power amplifier with at least
one other signal having at least a fourth carrier frequency
intended for transmission-from the same antenna; and

a radio freguency combining network for combining the
outputs of said first and second antenna multiplexing filters
and coupling the combined signal to a first antenna for
transmission, wherein said at least one of said second set of
information signals serves as a diversity transmission and is
transmitted at a power level lower than a same signal
transmitted on said second carrier frequency via a second

antenna.

30. The diversity transmission system of c¢laim 29,
wherein said at least one of said second set of information
signals serving as a diversity transmission is delayed or
advanced with respect to a same signal transmitted on said

second carrier frequency via a second antenna.

31. A diversity transmission system according to claim
29 further comprising:

a third modulator - for modulating a second set of
information signals on to said second radio carrier frequency;

a fourth modulator for modulating at least one of said
first set of information signals on to said first radio
carrier ffequency;

a third transmit power aﬁplifier for said third modulated

signal at said second carrier frequency;
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respect the first set of transmt signals. 40. The diversity

transm ssion system of claim 38, wherein the diversity signals are
transmtted at a power level lower than the first set of transmt signals.
41. A radio transm ssion system for nulé%ple signal s conpri sing: first
transmt nmeans for nodulating a first s of information signals onto

even- nunbered radi o channels and anplifying said first set of information

signals to produce egyfifst t§§hsfﬁ§.tt rﬁ&ﬁ?i*t S r  for SEG9Rd gaa% | t
means for nodul ating a second set of” Information signals onto odd-nunbered
radi o chanfeidalat@¢dapigrali iy seid fdamvd csarier ifarpee®RCYan signals to

produce a second sehifd bheesMh! MmiNAIexing fibtéd thaksBdmpBMY LAr

nDdU|atingéﬂ?ﬁﬂ%‘%%(ggﬁhcghfigckransmit power amplifier with at least
one signal having at least a fourth carrier frequency intended
for transmission from the same antenna;

a fourth antenna multiplexing filter that combines an
output of said fourth transmit power amplifier with at least
one other signal having at least a third carrier frequency
intended for transmission from the same antenna; and

a radio frequency combining network for combining the
outputs of said third and fourth antenna multiplexing filters
and coupling the combined signal to a second antenna for

transmission.

32. The transmission system of claim 31, wherein said
first and second antennas comprise orthogonal polarizations

of a dual-polarization antenna.

33. A diversity transmission system according to claim
29, in which said at least one other signal having at least
a third carrier frequency are produced by a fifth modulator

and fifth transmit power amplifier.

34. A diversity transmission system according to claim
33, in which said at least one other signal having at least
a fourth carrier frequency are produced by a sixth modulator
and sixth transmit power amplifier.

35. A method for diversity transmission of signals in
a radiotelephone system comprising the steps of:

modqlating a first set of information signals onto a
first set. of frequency channels to produce a first set of
transmit signals for transmission from a first antenna;
) modulating a second set of information signals ontoc a
second set of frequency channels to preduce a second set of
transmit signals:
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first set of

I nformation signals onto respectively assigned even-nunbered

radi o channel s and anplifying said selected signals to produce a diversity
transmt signal; first transmt nultiplexer means for multiplexing
said first set of transmt signals to f§5n1a first conposite signal and

feeding said first conposite signal to

first antenna neans; second

transmt nultiplexer means for multiplexing said second set of transmt

signals to for mn%d%g%gﬂ(}% UMALY ékggﬁéf S@{I&g Eirst %%‘&%E“Qn%?{ﬂégﬁ%

coupling said secon

osite signa iversity transm gna

whi ch sai d diiiedls idit imhdRans and said second antenna means conprise

or t hogonal

pol ari zat, on inpdts of a dual-p%larizatLon antenna.
combining the second set of transmit signals with the

divergity signals for transmission from a second antenna;

wherein the first set of frequency channels comprises
frequency bands which are adjacent in frequency to and
alternate in frequency with frequency bands of the second set
of frequency channels.

36. The method of claim 35, further comprising the step
of delaying or advancing the diversity signals with respect
the first set of transmit signals.

37. The method of claim 35, further comprising the step
of transmitting the diversity signals at a power level lower
than the power level of the first set of transmit signals.

38. A diversity transmission system comprising:

first modulating means for modulating a first set of
information signals onto a first set of frequency channels to
produce a first set of transmit signals for transmission from
a first antenna;

second modulating means for modulating a second set of
information signals onto a second set of frequency channels
to produce a second set of transmit signals;

third modulating means for modulating selected ones of
the first set of information signals onto the first set of
frequency channels to produce diversity signals;

a combiner for combining the second set of transmit
signals with the diversity signals for transmission from a
second antenna;

wherein the first set of frequency channels is adjacent
in frequency to and alternates in frequency with the second

set of frequency channels.

- 1

39. The diversity transmission system of claim 38,
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43. The diversity transm ssion system of claim4l, wherein the selected
signal s are del ayed or advanced with . .
25 respect the first set of information signals. - 44.The diversity
transm ssion system of claim4l, wherei nzihe sel ected signals are
transmtted at a power |evel | ower

wherein the diversity signals are delayed or advanced with

respect the first set of transmit signals.

40. The diversity transmission system of claim 38,
wherein the diversity signals are transmitted at a power level
lower than the first set of transmit signals.

41. A radio transmission system for multiple signals
comprising:

first transmit means for modulating a first set of
information signals onto even-numbered radio channels and
amplifying said first set of information signals to produce
a first set of transmit signals;

second transmit means for modulating a second set of
information signals onto odd-numbered radio channels and
amplifying said second set of information signals to produce
a second set of transmit signals;

third transmit means for modulating selected ones of said
first set of information signals onto respectively assigned
even-numbered radio channels and amplifying said selected
signals to produce a diversity transmit signal;

first transmit multiplexer means for multiplexing said
first set of transmit signals to form a first composite signal
and feeding said first composite signal to a first antenna
means; |

second transmit multiplexer means for multiplexing said
second set of transmit signals to form a second composite
signal, and

coupling means for coupling said second composite signal

and said diversity transmit signal to a second antenna means.

42.. A transmission system as in claim 41 in which said
first antenna means and said second antenna means comprise

orthogonal polarization inputs of a dual-polarization antenna.

43. The diversity transmission system of claim 41,
wherein the selected signals are delayed or advanced with
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thah the first set of information signals. 45. The diversity
transm ssion systemof claim4l, wherein the even-nunbered radi o channel s
conprise frequencies which are adjacent in frequency to and alternate in
frequency with frequencies of the odd- nblgrber ed radi o channel s.

respect the first set of information signals.

44 .The diversity transmission system of claim 41, wherein
the selected signals are transmitted at a power level lower

than the first set of information signals.

45. The diversity transmission system of claim 41,
wherein the even-numbered radio channels comprise freguencies
which are adjacent in frequency to and alternate in frequency
with frequencies of the odd-numbered radio channels.
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26

USE OF DIVERSITY TRANSMfSSION TO RELAX ADJACENT CHANNEL
REQUIREMENTS IN MOBILE TELEPHONE SYSTEMS

ABSTRACT

The present invention includes a system and

method for reducing adjacent channel interference,
particularly in CDMA adiotelephone systens.
Diversity transmissions are provided for weaker
signals to be transmitted by coupling delayed or
advanced versions of these weaker signals to an
antenna which is also transmitting signals on an
adjacent frequency.

Figure 1
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