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(57) ABSTRACT 

A radio base station having a plurality of directional sector 
antennas for providing communications With outstations 
lying at different azimuth angles to the base station is 
disclosed in Which the antennas transmit signals using one or 
both of tWo orthogonal polarizations such as left hand or 
right hand circular antennas and polarization and Which also 
measures interference levels on different frequency channels 
that are used for allocating an optimum channel and polar 
ization for connecting a call. Each of the outstations com 
prise at least one antenna of selectable polarization. 
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RADIO COMMUNICATION SYSTEM WITH 
ADAPTIVE POLARIZATION 

RELATED APPLICATIONS 

[0001] This application is a divisional of co-pending, 
commonly assigned, application Ser. No. 09/113,316, ?led, 
Jul. 10, 1998, the entire disclosure of Which is incorporated 
herein by reference. This application is related to US. Pat. 
No. 5,724,666 to Dent, the subject matter of Which is 
incorporated by reference. 

BACKGROUND 

[0002] The present invention relates to radiotelephone 
systems such as cellular phone systems, indoor cordless 
systems and Wireless in the local loop (WLL) systems, and 
more particularly to methods of allocating channel param 
eters such as frequency, timeslots, polariZation and poWer 
level in order to optimiZe signal quality. 

[0003] The Digital European Cordless Telephone system 
(DECT) is an existing eXample of a Wireless telephone 
system employing adaptive allocation frequency channels 
and timeslots for connecting a call. In the DECT systems, 
single-frequency dupleX operation is employed by alter 
nately transmitting a TDMA burst from a base station to an 
outstation and from the outstation to the base station. This is 
knoWn as Time Division DupleX (TDD). The use of TDD 
and a common frequency for both directions of communi 
cations means that both the base and station and the outsta 
tion experience a common interference environment, par 
ticularly in indoor, Wireless PABX applications for Which 
DECT Was designed. Thus, either the base station or the 
outstation can choose a frequency channel and a timeslot 
having momentarily minimum interference levels With near 
certainty that the chosen channel Will be a good channel for 
communicating in both directions. In DECT, the outstation 
is alloWed to choose the frequency and timeslot Without a 
prior Warning to the base station. The base station listens on 
all frequencies and timeslots in order to ensure that it alWays 
receives the signal. Signal bursts from different outstations 
are identi?ed by means of a short ID code so that the base 
station can assemble bursts received from the same outsta 
tion on different channels. The base station transmits to the 
outstation using a timeslot in the transmit half of its TDD 
frame period corresponding to the timeslot in Which the 
immediately previous data Was received from the same 
outstation. The outstation listens for the base station on the 
receive timeslot in the receive half of its TDD frame 
corresponding to the transmit timeslot it used immediately 
previously to transmit to the base station. In this Way, fast 
adaptation to changing interference scenarios is achieved in 
DECT. 

[0004] The DECT system also employs adaptive antenna 
selection (space selection diversity) in order to mitigate sloW 
fading caused by a Wireless telephone user moving inside a 
building at Walking pace, for eXample. 

[0005] The base station may transmit a timeslot using a 
?rst or a second antenna, spaced so that fading of the path 
from the ?rst antenna to the outstation is uncorrelated With 
fading from the second antenna to the outstation. The 
antenna used for transmitting a slot is indicated by a data bit 
contained in the slot. The outstation receives slots intended 
for it as Well as slots intended for other outstations and 
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determines Whether it can receive a slot transmitted by one 
antenna better than a slot transmitted by another antenna. 
The outstation then selects a channel frequency and timeslot 
containing the loWest measured signal level for use in 
transmitting to the base station. This indicates that the 
channel is not in use nearby and transmits data to the base 
station in that slot including an indication of the base station 
antenna it prefers for receiving a reply. 

[0006] When different frequencies are used for transmis 
sion and reception, correlation betWeen their interference 
environments cannot be assumed. The polariZation to be 
used by outstations and base stations is not de?ned in the 
DECT systems. Thus, a potential doubling of system capac 
ity by polariZation reuse is not available. 

[0007] US. Pat. No. 5,491,837 issued to Haartsen 
describes adaptive channel allocation methods for use in a 
tWo-frequency dupleX system. The outstations measure sig 
nals received on channels in a ?rst frequency band from 
various base stations and transmit the signal measurements 
to the serving base station. The serving base station knoWs 
the poWer transmitted by all base stations and can, therefore, 
determine the path loss from every base station to the 
outstation in the ?rst frequency band. The serving base 
station also knoWs the signals that are transmitted and the 
channels on Which these signals are transmitted by each of 
the base stations and can, therefore, compute the interfer 
ence scenario at the outstation on every channel, including 
channels not measured by the outstation. The base station 
also measures interference levels on channels in a second 
frequency band used for the communications from the 
outstation to the base station. The base station then deter 
mines a channel in the ?rst frequency band for transmitting 
to the outstation and combines it With a channel in the 
second frequency band for receiving from the outstation. 
This combination results in good signal quality in both 
directions. Haartsen, hoWever, is not concerned With deter 
mining a best polariZation to use for serving a given out 
station. 

[0008] US. Pat. No. 5,548,813 issued to Charas et al. and 
US. Pat. No. 5,619,503 issued to Dent also describe the use 
of multiple-beam antennas for cellular and satellite commu 
nications systems. The subject matter of these documents is 
hereby incorporated by reference. These documents 
assumed that the communication path length Was long so 
that various non-free-space propagation effects could arise 
to distort signal polariZation. Therefore, it Was dif?cult to 
count on frequency re-use With different polariZation to 
increase capacity for communicating With mobile terminals. 
PolariZation reuse is, hoWever, disclosed in the conteXt of 
communicating betWeen a satellite and a ?Xed ground 
station. This type of polariZation reuse is non-adaptive and 
both polariZations are used in the same directional beam. 
The ’666 patent also describes cellular base stations in 
Which the polariZation is alternated betWeen adjacent sectors 
of a multiple-sector directional antenna, the main purpose of 
Which is to obtain uncorrelated fading of the same signals 
received at tWo adjacent antennas. 

SUMMARY 

[0009] It is an object of the present invention to overcome 
the de?ciencies described above by providing a method for 
increasing system capacity. This is achieved by utiliZing 
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alternating polarization for short range communication, e.g., 
on the order of one mile, in order to increase capacity of the 
system by alloWing frequency reuse for different signals 
With different polarization in adjacent sectors. 

[0010] A radio base station comprises a number of direc 
tional sector antennas for providing communications With 
outstations lying at different azimuth angles to the base 
station. The directional antennas may transmit signals using 
one or both of tWo orthogonal polarizations, such as left or 
right hand circular polarization. A channel allocation unit 
allocates spectral resources, sector antennas and polarization 
for communicating With each outstation in a manner 
designed to minimize interference betWeen different com 
munications signals. Allocating spectral resources can 
include allocating a channel frequency, a timeslot or a 
spread-spectrum access code. 

[0011] Each outstation comprises at least one antenna to 
receive at least one polarization, but preferably an antenna 
of selectable polarization. The outstation antenna may be a 
directional antenna, in Which case it is oriented to provide 
maXimum directional gain toWards a base station that is 
selected to provide radiocommunication service. Each out 
station comprises receiver means for receiving control chan 
nel signals from the selected base station indicative of 
incoming call alerts and transmitter means for transmitting 
responses to call alerts or call initiation requests. The 
outstation receiver is equipped to measure interference or 
signal quality levels on different frequency channels or 
timeslots using selected polarizations and the transmitter is 
equipped to transmit interference or signal quality measure 
ments made by the receiver to the base station. 

[0012] The base station is also equipped to make mea 
surements of interference levels on different frequency chan 
nels or timeslots using selected polarizations, and to provide 
these measurements to the channel allocation unit along With 
measurements received from the outstation. These measure 
ments enable the channel allocation unit to allocate an 
optimum channel and polarization for connecting a call. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] These and other objects, features and advantages of 
the present invention Will be readily apparent to one skilled 
in the art from the folloWing Written description, read in 
conjunction With the draWings, in Which: 

[0014] FIG. 1 illustrates a conventional 3-sector cellular 
base station; 

[0015] FIG. 2 illustrates a 12-sector site having alternat 
ing polarization; 

[0016] FIG. 3 illustrates a site having tWelve sectors for 
each of tWo groups of channels With a half-sector offset 
betWeen the tWo groups; 

[0017] FIG. 4 illustrates a site having tWelve sectors for 
each of tWo groups of channels With a half-sector offset 
betWeen the tWo groups; 

[0018] FIG. 5 illustrates E-plane and H-plane directivity 
patterns of an antenna With a circular aperture Where direc 
tive gain is plotted as a function of angular offset from peak; 

[0019] FIG. 6 illustrates a Wireless terminal With adaptive 
polarization selection; 
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[0020] FIG. 7 illustrates a terminal With polarization 
diversity; 
[0021] FIG. 8 illustrates an exemplary WLL base station 
for determining antenna polarization; and 

[0022] FIG. 9 illustrates a phasing netWork for the arrays 
of FIG. 8. 

DETAILED DESCRIPTION 

[0023] FIG. 1 illustrates the radiation patterns produced 
by a conventional three-sector cellular base station. The 360 
degrees of azimuth around the base station antenna site are 
divided into three, 120-degree sectors. Each sector has an 
associated directional antenna With the polar radiation pat 
tern shoWn, for transmitting to or receiving signals from the 
outstations such as mobile phones, for eXample. It is cus 
tomary in three-sector cellular systems for radiation patterns 
of the three sectors to cross each other at around —10 to —12 
dB relative to peak antenna directivity. This results from the 
maXimum distance at Which an outstation can lie from a 
given site along the line betWeen tWo sectors being half the 
maXimum distance at the center of a sector. For stations 
lying further aWay, an adjacent site (not shoWn) takes over 
communications. Given the normally assumed fourth poWer 
of distance propagation laW, only one-sixteenth of the poWer 
(-12 dB) is required to communicate With stations lying at 
half the distance along the line betWeen tWo sectors. The 
patterns illustrated in FIG. 1 are thus tailored to provide 
roughly equal communications performance around the 
periphery of the area served by the site. 

[0024] FIG. 2 illustrates alternating polarizations applied 
to a site of tWelve sectors according to an eXemplary 
embodiment of the present invention. SiX of the sectors 
employ Right Hand Circular polarization (RHC) While the 
other siX in betWeen employ Left Hand Circular polarization 
(LHC). Thus, each of the tWelve sectors employ polarization 
that is opposite each of its tWo adjacent sectors in order to 
reduce the interference betWeen sectors. 

[0025] Table 1 beloW illustrates the signal to interference 
ratio (C/I) at an outstation lying at various angles from the 
base station site Without alternating polarization and With 
alternating polarization. The outstation is served by the best 
of the sectors, as indicated, to provide the desired signal. The 
outstation employs an antenna With polarization that 
matches that of the serving sector. The signals reaching the 
outstation due to the non-zero sidelobes of other sectors 
represent interfering signals. The ratio of the desired signal 
poWer to the total interfering poWer in dB represents the 
signal to interference ratio. Since there is a tWelve-fold 
symmetry in the system, the variation of C/I only needs to 
be plotted over one repetition cycle of 30 degrees of azi 
muth. 

TABLE 1 

Outstation C/I (dB) C/I (dB) 
Position (Without alternating (With alternating 

(in Degrees) polarization) polarization) Serving Sector 

0 23.6 26.0 RHC 1 
5 12.3 22.3 RHC 1 

10 5.5 17.5 RHC 1 
15 —0.4 12.8 RHC/LHC 1 Or 2 
20 5.5 17.5 LHC 2 
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TABLE l-continued 

Outstation C/I (dB) C/I (dB) 
Position (without alternating (with alternating 

(in Degrees) polarization) polarization) Serving Sector 

25 12.3 22.3 LHC 2 
30 24.7 26.1 LHC 2 

RHC — Right Hand Circular Polarization 
LHC — Left Hand Circular Polarization 

[0026] It can be seen that the C/I, while acceptable for 
stations at 0 degrees (greater than 20 dB) and tolerable at 5 
degrees (greater than 10 dB) from the center of their serving 
sector, is much lower (5.5 dB and —0.4 dB) at locations 
between two sectors when adjacent sectors use the same 
polarization. With adjacent sectors using opposite polariza 
tion however, the C/I is always greater than 12.8 dB. 

[0027] Another method for reducing interference is to 
utilize a sector only at angles where it provides an acceptable 
C/I, such as +/—7.5 degrees from center. The gaps in between 
are then ?lled by having a set of twelve sectors displaced by 
15 degrees and using a different non-interfering channel, e.g. 
different frequency or timeslot. 

[0028] Table 2 below illustrates the C/I improvement 
obtained by this method, which is disclosed in Applicant’s 
’503 patent. 

TABLE 2 

Outstation C/I (dB) C/I (dB) 
Position without alternating with alternating Serving Channel 
(Degrees) channel group channel group Sector Group 

0 23.6 23.6 1 1 
5 12.3 12.3 1 1 

10 5.5 12.3 1.5" 2 
15 -O.4 23.6 1.5 2 
20 5.5 12.3 1.5 2 
25 12.3 12.3 2 1 
30 24.7 24.7 2 1 

*interstitial sector 

[0029] In table 2, the worst case angular position of the 
outstations of +/—7.5 degrees is not shown. The C/I at these 
positions would be somewhat lower than 12.3 dB. 

[0030] FIG. 3 illustrates the arrangement of twelve sectors 
using channel group 1 plus twelve interstitial sectors using 
channel group 2. Although this appears to be a twenty four 
sector system, the beamwidth of the sectors is that of a 
twelve sector system, so the antenna aperture is not 
increased. The incorporated references describe how the 
same number of antenna elements may be used for forming 
any number of sets of staggered beams with the aid of digital 
beamforming, for example. Therefore, the provision of 
interstitial sectors can be accomplished by beamforming 
software rather than additional antenna hardware. 

[0031] In order to increase the C/I further, the arrangement 
of interstitial sectors of FIG. 3 and the arrangement of 
alternating polarizations of FIG. 2 may be combined to 
achieve the arrangement illustrated in FIG. 4. The result is 
a ?rst group of six sector spaced 60 degrees apart using 
channel group 1 and RHC, a second group of six sector 
displaced 15 degrees from the ?rst using channel group 2 
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and RHC; a third group of six sectors displaced a further 15 
degrees using channel group 1 and LHC, and a fourth group 
of six sectors using channel group 2 with LHC. Thus, 
adjacent ones of the twenty four sectors use different channel 
groups with no interference between them. Sector that are 
separated from each other by two other sectors use the same 
channel group but different polarizations which limits the 
interference between them in part by pattern isolation and in 
part by polarization isolation. Only sectors that are separated 
by four other sectors use the same channel and polarization 
but have by then sufficient pattern isolation to provide a high 
C/I. The C/I resulting from using both interstitial beams and 
alternating polarization is illustrated in Table 3 below, where 
the notation 1.5 for a serving sector refers to an interstitial 
sector between sectors 1 and 2 and the notation 2.5 for a 
serving sector refers to an interstitial sector between sectors 
2 and 3 respectively. 

TABLE 3 

Outstation C/I (dB) using both channel Serving Channel/ 
Position and polarization isolation Sector Polarization 

O 26.0 1 1 RHC 
5 22.3 1 1 RHC 

10 22.3 1.5 2 RHC 
15 26.0 1.5 2 RHC 
20 22.3 1.5 2 RHC 
25 22.3 2 1 LHC 
30 26.1 2 1 LHC 
35 22.3 2 1 LHC 
40 22.3 2.5 2 LHC 
45 26.1 2.5 2 LHC 
50 22.3 2.5 2 LHC 
55 22.3 3 1 RHC 

[0032] FIG. 5 illustrates typical E- and H-plane directivity 
patterns of an antenna with a circular aperture, such as a 
patch antenna or an array of such patches. The beamwidth of 
the antenna is determined by the total aperture of the 
antenna. The aperture may be set, for example, by choosing 
the number of elements in the array. FIG. 5 illustrates the 
directivity patterns for vertical and horizontally polarized 
components of an RHC or LHC wave. The gain for the 
vertically and horizontally polarized components is not quite 
the same in the sidelobes, which lead to imperfect suppres 
sion of the unwanted polarization in the sidelobes. This 
effect has been taken into account in computing the C/I 
values of Table 3 by using these patterns for both the base 
station sector antennas and for the outstation antennas, 
suitably scaled in beamwidth. 

[0033] In a wireless in the local loop (WLL) embodiment 
of the present invention, which uses a radio system to deliver 
telephone service by wireless communications to residential 
areas, it is envisaged that ?xed terminals installed at indi 
vidual homes will use directional antennas, akin to TV 
antennas. This results in the system being better able to 
discriminate signals between those from a serving base 
station and those from interfering base stations. Interference 
from other sites was not taken into account in computing the 
C/I values of Table 3. 

[0034] The values for C/I in Table 4 below were computed 
taking into account interference from six surrounding sites. 
The C/I values of Table 4 account for interference arriving 
from different angles through use of exemplary directivity 
patterns such as those illustrated in FIG. 5. The directivity 
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pattern Was scaled in beamWidth to be —4dB at +/—15 
degrees from sector center for base station use, and scaled to 
be —4dB at +/—45 degrees for outstation use. Interference 
arriving from sites at different distances Was accounted for 
by use of the free-space propagation laW, ie a distance 
squared laW. Free space propagation is a reasonable assump 
tion for short range WLL applications up to about one mile, 
and a free space laW is also a necessary assumption for 
obtaining polarization isolation. When a signal propagates 
by non-free space laWs such as diffraction or re?ection, 
polarization changes can occur. For this reason, adaptive 
selection of polarization Will be described later. 

TABLE 4 

Degrees Azimuth C/IA (dB) C/IB (dB) C/IC (dB) C/ID (dB) 

0 6.17 8.32 6.1 8.3 
5 4.99 7.91 4.9 7.9 

10 2.02 6.38 4.9 7.9 
15 —2.61 3.60 6.0 8.8 
20 1.90 7.55 4.9 8.0 
25 4.79 9.22 4.8 9.2 
30 5.87 9.60 5.9 9.6 

C/I taking account of surrounding cell/site interference 
C/IA = 12 sectors using same channel and polarization (all sites) 
C/IB = 12 sectors using same channel and alternating polarization 
C/IC = 12 sectors using a ?rst channel plus 12 interstitial sectors using a 
second channel 
C/ID = 12 sectors using alternating polarization on a ?rst channel plus 
tWelve interstitial sectors using alternating polarization on a second chan 
nel 

[0035] According to the values in Table 4, the same 
channel may be used tWelve times over at every site as long 
as the modulation and coding chosen for communications 
function satisfactorily at a C/I of around 7.9 dB. For 
example, the coherent TDMA modulation used in the Euro 
pean digital cellular system knoWn as GSM can provide 
acceptable performance at this C/I When the fading envi 
ronment is a Ricean fading environment of short-range 
WLL. 

[0036] Even With the use of a pattern of ?xed polarization 
re-use, an outstation should still select the polarization to be 
used depending on the outstation’s location and the selection 
of the serving sector. This can change for mobile stations; 
but, even When constructing ?xed installations, it is dif?cult 
to knoW in advance, absent a survey, Which sector Will be the 
best serving sector. Furthermore, outstations should, under 
ideal conditions, be of identical design, be capable of 
operating With any polarization and on any channel fre 
quency With the optimum polarization being automatically 
adapted in operation after installation. 
[0037] In addition, it may only be possible to assign a 
?xed pattern of polarization and channel re-use to base 
stations only in cases of regular spacing. Since a system can 
come into being by the addition of base stations as the need 
for capacity increases, irregular netWorks can result over a 
period of time. Thus, it may also be desirable for a base 
station to choose the polarization to be used in a given sector 
and a given radio channel adaptively in order to ?t in With 
ongoing communications With minimum interference. 

[0038] A method Will noW be described for enabling both 
outstations or base stations to dynamically choose the opti 
mum polarization. When only the outstation has to choose 
its polarization to match the ?xed polarization of a serving 
base station, it may do so as folloWs: 
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[0039] An outstation is installed With an antenna capable 
of being selected to receive signals of either polarization and 
to provide signals of the selected polarization to the receiver. 
The polarization is selected by a microprocessor controller. 
Upon installation, the outstation receiver searches for a 
special control-channel signal radiated permanently by base 
stations and provides an indication of control channel signal 
strength found on various channel frequencies using both 
polarizations. The indication may, for example, be displayed 
on a special installation aid or instrument to enable the 
installing engineer to adjust the antenna orientation to 
receive the best control channel signal strength, signal-to 
interference ratio or other quality measure, such as loWest bit 
error rate. Once the installation is complete, the apparatus 
Will listen to the control channel providing the best signal 
using the optimum receiver polarization for that channel. If 
the apparatus transmits to the base station, it may initially do 
so using a Random Access Channel (RACH) Which can be 
located in relation to the selected “best” control channel. For 
example, the RACH may be at a constant frequency offset 
from the control channel receive frequency, or a constant 
time offset from a control channel receive timeslot, or both. 
Upon detecting the RACH transmission from an outstation 
a base station transmits a traf?c channel allocation to the 
outstation. This can include a frequency channel selection, a 
timeslot selection, a CDMA access code selection and a 
polarization selection. Although the sector serving a particu 
lar ?xed outstation may remain constant along With the 
polarization of that sector on a given channel frequency, the 
polarization can change betWeen different channel frequen 
cies. One reason for this is to facilitate the multiplexing of 
different channels into the transmit sector antenna. In US. 
Pat. No. 5,584,057, herein incorporated by reference, Appli 
cant describes the dif?culties encountered in attempting to 
couple transmitters operating at adjacent channel frequen 
cies into the same antenna and solves the problem by 
coupling even numbered channels to a ?rst antenna and odd 
numbered channels to a second antenna. According to an 
exemplary embodiment of the present invention, a base 
station antenna is provided With a ?rst transmit connection 
for signals to be transmitted using RHC and a second, 
isolated input for LHC signals. Alternate frequency channels 
can be coupled to alternate inputs, thus facilitating the 
coupling as Well as enhancing the adjacent channel rejection 
by ensuring that adjacent channels in the same beam do not 
use the same polarization. This can be achieved by ?ipping 
the use of LHC and RHC betWeen adjacent channels of the 
?rst channel group of FIG. 3 or FIG. 4, and likeWise 
betWeen adjacent channels of the second channel group. In 
this manner, the adjacent channels are used either With 
opposite polarization in the same beam or With the same 
polarization in different beams. The adjacent channel isola 
tion requirements are relaxed While permitting a tighter 
channel spacing. Thus, depending on the assigned channel 
frequency, the outstation may also have to adapt its transmit 
and receive polarization. 

[0040] In an irregular netWork topology, for example, 
Where it is not possible to assign ?xed polarizations to ?xed 
base station sectors, an adaptive polarization selection 
mechanism can be used. A base station can choose a ?xed 
polarization for the transmission of control channels and the 
reception of RACH signals, but such transmissions can be 
provided With additional coding protection using error cor 
rection coding to alloW operation at loWer C/Is. When a 
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traf?c channel is to be assigned in response to a call 
initiation, however, the base station comprises a channel 
allocation unit Which determines the best set of channel 
parameters such as, frequency, timeslot, polarization and 
poWer level, to assign for the call. 

[0041] A base station can determine the unWanted signal 
level in presently unassigned channels (i.e., frequency/ 
timeslot combinations) in the sector in Which the RACH 
message Was deemed received from the outstation request 
ing or accepting service, the unWanted signals being 
received from other outstations that are active in different 
sectors or in different cells, and the unWanted signal level 
can be determined for both RHC and LHC polariZation. The 
base station can then assign the channel and polariZation that 
gives the loWest interference measurement for receiving data 
from the outstation. The channel to use for transmitting to 
the outstation may then be determined by a ?xed frequency 
or time offset from the receiving channel. This method 
assigns a channel only With regard to uplink quality, and 
assumes that the doWnlink quality Will be acceptable. 

[0042] FIG. 6 illustrates a radiotelephone terminal suit 
able for adaptive polariZation selection operation. A patch 
array (10) is an eXemplary method for constructing direc 
tional antennas. A number of resonant conductive discs 
disposed over a ground plane can be fed at either of tWo 
alternative places on the disc to provide horiZontal or 
vertically polariZed radiation or reception. An array that 
forms only a single directive beam can have the discs 
cophased by a feed line connecting the horiZontally polar 
iZed drive points and another feed line connecting the 
vertically polariZed drive points. The combined feed points 
are then connected to a 4-port, 90-degree coupler (11) to 
form LHC and RHC polariZation drive points. A PolariZa 
tion selection sWitch (12) is connected to select either the 
RHC or the LHC drive point to be connected to transmitter/ 
receiver (13) that is controlled by the control processor (14). 
The control processor selects the polariZation assigned for 
receiving a call by the base station sending a channel 
assignment message to the terminal of FIG. 6. Control 
processor (14) may select the polariZation for receive and 
the polariZation for transmit separately When the radio 
protocol is of a Time Division Duplex (TDD) type in Which 
the transmitter transmits bursts of data betWeen the bursts of 
data being received. 

[0043] If the terminal operates in a non-TDD mode in 
Which transmission and reception occur at the same time, a 
dupleXing ?lter is required. 

[0044] FIG. 7 illustrates a terminal con?gured to receive 
or to transmit either or both polariZations simultaneously. 
The horiZontal and vertical array feed points are connected 
to transmit/receive dupleXers (20a, 20b). These dupleXers 
can be dupleXing ?lters for Frequency Division DupleX 
operation (FDD) or T/R sWitches for TDD operation. The 
receive outputs of dupleXers (20a, 20b) are connected to a 
polariZation diversity receiver (21) Which combines the tWo 
input signals to enhance reception of signals having the 
desired polariZation While suppressing reception of signals 
having undesired polariZation. Transmit poWer ampli?ers 
(22a, 22b) are connected to corresponding transmit inputs of 
dupleXers (20a, 20b) and are driven to amplify signals from 
signal generators (23a, 23b). The signal generators supply 
quadrature-modulated signals to the poWer ampli?ers, the 
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phase and data content of Which is determined by I/Q signals 
I1, Q1 and I2, Q2 supplied by transmit signal processor (24). 
Signal processing (24) may be arranged, in a manner 
described in a pending patent application, Ser. No. 08/954, 
103, the subject matter of Which is hereby incorporated by 
reference, to transmit a modulated signal With either of tWo 
orthogonal polariZations. This application further describes 
hoW processing (24) may adaptively determine signals (I1, 
Q1, I2, Q2) so as to produce a desired transmit polariZation 
compensated for phase mismatch in ampli?ers (22a, 22b) or 
dupleXers (20a, 20b). US. Pat. No. 5,680,419, issued to 
Bottomley is hereby incorporated by reference. The ’419 
patent discloses receivers for processing signals from tWo or 
more antennas, including antennas of different polariZation, 
in order to maXimiZe signal-to-interference ratio by forming 
Weighted combinations of the antenna signals that maXimiZe 
a desired signal, minimiZe unWanted signals or maXimiZe 
the ratio of the desired signals to unWanted signals. 

[0045] Terminals of either of the types illustrated in FIGS. 
6 and 7 can measure the strength of signals received on 
various channels (i.e. timeslots or frequencies) using either 
polariZation and report these measurements to the serving 
base station. For eXample, a terminal of the type illustrated 
in FIG. 6 can measure signal strength on various channels 
With sWitch 12 initially in one position and then in the other 
position so as to evaluate signals received With both polar 
iZations. A terminal of the type illustrated in FIG. 7 can 
evaluate signal strength received on various channels by ?rst 
using the same diversity combining coef?cients receiver 21 
has determined to be optimum for receiving a control/ 
paging/calling channel from the selected serving base station 
and then secondly using diversity combining coef?cients 
modi?ed to correspond to the other polariZation (e.g. chang 
ing the sign of the combining coefficients for one of the 
channels, vertical or horiZontal). Receiver 21 can determine 
the optimum combining coefficients for each of a direct ray 
and a series of delayed multipath rays using the technique of 
the ’419 patent including correlation of received signals With 
a knoWn symbol sequence or syncWord. The terminal of 
FIG. 7 indicates in signal strength reports it sends to the base 
station Whether the signal strength Was measured With the 
same or opposite polariZation to that of the control channel 
signal received from the serving base station. 

[0046] The terminals can also use a bit ?ag for providing 
a polariZation indication to the base station. For eXample, the 
?ag can be set for RHC and not set for LHC or set for LHC 
and not set for RHC. The base station transmits to the 
subscriber terminal using the ?ag indication received from 
the subscriber terminal. 

[0047] FIG. 8 illustrates an eXemplary base station 
antenna that provides radiation in tWelve sectors spaced 30 
degrees apart in aZimuth using both polariZations. SiX patch 
arrays (40) are arranged With an aZimuthal spacing of 60 
degrees, each array providing tWo directional beams for 
transmission or reception With the beam peak directions 
offset by +/—15 degrees relative to the normal to the array 
aperture, thus forming tWelve beams spaced at 30 degrees in 
aZimuth. Both RHC and LHC polariZations can be used in 
each direction. Each of arrays (40) comprises a number, such 
as four, of radiating elements or sub-arrays. A sub-array can, 
for eXample, comprise a plurality of coupled patches to 
increase the gain of each “element”. The sub-array can be a 
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vertical column of elements to provide vertical directivity by 
constraining the vertical beamWidth to the horiZontal plane. 

[0048] Each radiating element, such as a patch element, 
can have a connection point for vertically polarized trans 
mission or reception and another point for horiZontal polar 
iZation. Passive beamforming netWork (41) can include 
90-degree couplers, such as coupler (11) of FIG. 6, for 
converting linear polariZations to circular polariZations. 
Thus, beam forming netWork (41) couples the four horiZon 
tally polariZed antenna element signals H1, H2, H3, H4 With 
the four vertically polariZed signals V1, V2, V3, V4 to 
produce tWo beams of both RHC and LHC polariZation. 

[0049] FIG. 9 illustrates an exemplary beamforming net 
Work using additional 90 degree couplers of a type similar 
to those used for changing linear polariZation to circular 
polariZation. Coupler C3 accepts a transmit signal at input 
port I1 and splits it With relative phase 0, 90 degrees betWeen 
its tWo outputs. Line length of L and L plus 1/sth of a 
Wavelength connect the tWo outputs to couplers C1 and C2 
such that they are driven 45 degrees out of phase. Couplers 
C1, C2 then further split the signal to elements E1, E2, E3, 
E4 such that the four elements are relatively phased by 0, 45 , 
90 and 135 degrees. An input at I2 to coupler C4, on the 
other hand, provides outputs to elements E1, E2, E3, E4 
phased by the inverted sequence 135, 90, 45, 0 degrees, 
Which is orthogonal to the ?rst sequence. This ensures that 
there is no coupling betWeen inputs I1 and I2 so that they are 
independent inputs. The phase slope results in a beam Which 
is either to the right or the left of a normal to the plane of the 
array elements. In order for the left/right displacement of the 
tWo beams to be +/—15 degrees, the array element spacing 
shall be equal to 

LAMBDA/(8*sin(15))=0.48 of a Wavelength; 

[0050] This can be achieved by forming the patches on a 
dielectric substrate having a dielectric constant greater than 
unity such that the physical dimensions of the patch are less 
than 0.5 Wavelengths in diameter, thus alloWing a spacing 
betWeen patches of 0.48 Wavelengths Without mechanical 
interference. 

[0051] A?rst netWork of the type illustrated in FIG. 9 may 
be used for one polariZation (e.g. RHC) and a second 
netWork for the opposite polariZation (e.g., LHC), thus 
providing four inputs to the beamformer, tWo inputs I1 and 
I2 for each of RHC and LHC. Passive beamformers such as 
those illustrated in FIG. 9 are reciprocal and may be used for 
both transmit and receive provided the beamforming net 
Work bandWidth is sufficient to cover all transmit and receive 
frequency channels. Broadband 90-degree couplers are dis 
closed in US. Pat. No. 4,127,831, issued to Riblet, Which is 
hereby incorporated by reference. 

[0052] The base station illustrated by FIG. 8 and phasing 
netWork illustrated in FIG. 9 can be extended to a 24-sector 
system having 24 beams displaced by 15 degrees in aZimuth. 
This can be achieved by using tWelve arrays each generating 
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tWo beams offset by +/—7.5 degrees to normal, or alterna 
tively, by using 6 arrays each generating four beams With an 
offset to normal of —22.5 degrees, —7.5 degrees, +7.5 
degrees and +225 degrees. Four offset beams may be 
obtained using an array of four elements (or subarrays) 
connected to a (4+4)-port Butler beamforming matrix. 

[0053] Alternatively, active transmit or receive beamform 
ing can be used in accordance With the ’503 patent. Appli 
cant’s pending US. patent application Ser. No. 08/568,664, 
hereby incorporated by reference, describes an efficient 
means for carrying out transmitter modulation and beam 
forming for multiple signals and beams simultaneously 
When using active transmit arrays. 

[0054] Using the above teachings, a radio base station can 
be constructed Which alloWs the same radio channel to be 
used 12 times over in each of a plurality of radio base station 
sites. One radio channel may, for example, mean one of 
eight timeslots on a 200 KHZ-Wide frequency channel 
carrying traffic in accordance With a GSM-like protocol. 
There are ?ve 200 KHZ channels per 1 MHZ of spectrum; 
thus, the total provided capacity is 12><8><5 or 480 GSM 
traffic channels per MegahertZ per base station site. Such a 
capacity alloWs about 4000 telephone subscribers to be 
served by one site, When the traffic generated per subscriber 
is just over 0.1 Erlangs, using only 1 MHZ of bandWidth in 
each of the uplinks and doWnlinks. 

[0055] A person skilled in the art may adjust the exem 
plary parameters used herein in order to adapt a system to 
different types of traffic, such as voice, fax or Internet data, 
using for example different bandWidths or multiples of the 
basic channel bandWidth or multiple slots to accommodate 
higher data rates, Without departing from the spirit or scope 
of the invention as described by the attached claims. More 
over, although exemplary embodiments of the present inven 
tion discuss exemplary TDMA access methodologies, those 
skilled in the art Will appreciate that the present invention is 
equally applicable to other methodologies, e.g., code divi 
sion multiple access (CDMA). 

What is claimed is: 
1. A radio base station comprising: 

a base receiver means for receiving a preferred polariZa 
tion indication; and 

a base transmitter means for transmitting to said sub 
scriber terminal using said preferred polariZation. 

2. The radio base station of claim 1 Wherein said preferred 
polariZation indication is indicated by an electromagnetic 
Wave polariZation of a transmitted signal received by said 
base receiver means. 

3. The radio base station of claim 1 Wherein said preferred 
polariZation indication is indicated by a bit ?ag. 

4. The radio base station of claim 2 Wherein said ?ag is set 
for one of RHC and LHC. 

* * * * * 


