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In order to increase the channel capacity of a Wireless local 
loop network, advantage is taken of the ?xed location of 
each subscriber radio, and the ability to independently 
con?gure each subscriber’s antenna, to provide antenna 
cross polarization isolation into the cellular layout of the 
WLL network, and thereby provide an additional layer of 
interference rejection. Such a cross polarization assignment 
scheme, in combination With frequency reuse allocation, 
provides a substantial increase in the C/I ratio and thereby 
alloWs an expansion of the reuse of frequency channels. 
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INCREASING CHANNEL CAPACITY OF 
WIRELESS LOCAL LOOP VIA POLARIZATION 
DIVERSITY ANTENNA DISTRIBUTION SCHEME 

FIELD OF THE INVENTION 

[0001] The present invention relates in general to com 
munication systems, and is particularly directed to a scheme 
for increasing the channel capacity of a Wireless local loop 
(WLL) network by means of a prescribed polariZation 
diversity antenna assignment scheme among geographical 
cells of the WLL communication netWork. 

BACKGROUND OF THE INVENTION 

[0002] As the communications industry continues to 
expand into What Were previously remote and/or less tech 
nologically developed regions of the World, it faces the 
absence of an existing communication (e.g., copper Wire, 
?ber optic link) cable infrastructure With Which to connect 
its equipment. Because the cost and time to install such an 
infrastructure in these regions is prohibitive, communication 
service providers have turned to the use of radio-based 
system, knoWn as Wireless local loop (WLL) netWorks. 

[0003] As diagrammatically illustrated in FIG. 1, in a 
Wireless local loop, customer premises equipments are typi 
cally comprised of one or more telephones (e.g., handsets) 
10, that are coupled to a Wireless transceiver (e.g, radio) 11 
installed Within a building 13 (such as a business or home), 
and having an associated ?xed (e.g., roof-mounted) antenna 
15. As shoWn in FIG. 2, these customer premises equip 
ments are located at a number of ?xed sites 17 that are 
geographically dispersed relative to a base station 20, Where 
radio transceiver equipment of the WLL service provider for 
the geographic cell of interest is located. The WLL base 
station 20, in turn, is coupled to rout customer calls through 
a public telephone sWitch netWork (PTSN), so that each 
WLL netWork customer of the cell may enjoy the same 
services provided by a Wireline-based telco subscriber. 

[0004] FIG. 3 diagrammatically illustrates a typical layout 
of a large area WLL multicell structure. The darkened cells 
have the same channel frequency allocations in accordance 
With a frequency reuse factor of four. Cells B1-B6 are cells 
reusing the same frequencies as cell A, and their separation 
from cell A in a conventional system determines the carrier 
to interference ratio (C/I), all other parameters being equal. 

[0005] HoWever, unlike a standard mobile customer-based 
cellular telephone system, Where subscriber transceivers are 
relatively loW poWer and employ (gain-limited) omnidirec 
tional antennas, the geographical locations of the radios of 
a Wireless local loop are ?xed, Which alloWs the WLL 
customer radio site to employ an antenna having a focussed 
directivity pattern (namely one providing gain toWard the 
base station of that cell). While this facilitates communica 
tions for a geographically large WLL cell, there still remains 
the fact that frequency channels are a precious resource, and 
their reallocation is governed by the alloWable carrier to 
interference ratio. 

SUMMARY OF THE INVENTION 

[0006] In accordance With the present invention, advan 
tage is taken of the ?xed location of each subscriber’s radio, 
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and the ability to independently con?gure each subscriber’s 
antenna, so as to incorporate communication signalling or 
antenna polariZation diversity into the cellular layout of the 
WLL netWork, and thereby provide an additional layer of 
interference rejection. Such a cross or orthogonal polariZa 
tion assignment scheme, in combination With frequency 
reuse allocation, provides a substantial increase in the C/I 
ratio and thereby alloWs an expansion of the reuse of 
frequency channels. 

[0007] For this purpose, in a non-limiting example of the 
polariZation diversity mechanism of the present invention, 
cells of a given roW of a cell cluster are assigned a ?rst 
communication signal or antenna polariZation, such as ver 
tical or right hand circular polariZation, as non-limiting 
examples, While cells of adjacent roWs are assigned a second 
communication signal polariZation, such as horiZontal or left 
hand circular polariZation, as non-limiting examples, the 
second polariZation being ‘orthogonal’ to the ?rst polariZa 
tion for maximum polariZation isolation. All the cells of any 
given roW employ the same polariZation. Such a cross 
polariZation assignment scheme alloWs cells in adjacent 
roWs to employ identical channels Without exceeding the 
established carrier to interference ratio (C/I). For any given 
cell, only tWo adjacent cells have the same polariZation as 
the cell of interest, While the remaining four adjacent cells 
have the opposite polariZation, so that cross polariZation 
isolation is maximiZed. 

[0008] When such an interleaved roW cross or orthogonal 
polariZation scheme is applied to a hexagonal cluster dia 
gram employing a frequency reuse factor of four, an increase 
in interference rejection is provided by a cross polariZation 
isolation of 10 dB betWeen a given horiZontally polariZed 
base station antenna, and vertically polariZed antennas 
employed in cells of roWs on either side of the roW con 
taining the base station of interest. 

[0009] Actual orthogonal polariZation isolation Will vary 
as a function of the RF channel and may be maximally 
established at the time the WLL netWork is initially con?g 
ured. For such a cell cluster having a frequency reuse 
allocation of four, if orthogonal or cross polariZation isola 
tion Were in?nite, the resultant C/I Would provide a 4.8 dB 
improvement over a netWork not using polariZation diver 
sity. 
[0010] If the orthogonal polariZation isolation is only 10 
dB, hoWever, the C/I improvement still enjoys a substantial 
improvement of 4.0 dB. Additional improvement can be 
obtained by installing subscriber antenna With directional 
gain. In general, a base station cannot employ directional 
antennas, but instead uses a single omnidirectional antenna 
having a polariZation dictated by the designed polariZation 
diversity scheme. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a simpli?ed diagram of customer pre 
mises equipment for a Wireless local loop; 

[0012] FIG. 2 is a simpli?ed diagram of a Wireless local 
loop serving the customer premises of FIG. 1; 

[0013] FIG. 3 shoWs an example of a geographically 
distributed WLL netWork having a frequency reuse (factor 
of four) allocation scheme for a geographically de?ned 
cluster of basestation cells; 
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[0014] FIG. 4 diagrammatically illustrates the manner in 
Which a horiZontal-vertical polarization diversity assign 
ment scheme may be incorporated into a Wireless local loop 
cellular cluster; 

[0015] FIG. 5 diagrammatically illustrates the application 
of the polariZation diversity layout of FIG. 4 to the cluster 
diagram of FIG. 3; and 

[0016] FIG. 6 is a Table shoWing the relationship betWeen 
cross polariZation isolation for four adjacent cells and the 
resultant C/I for the cluster of FIG. 5. 

DETAILED DESCRIPTION 

[0017] Before describing in detail the scheme for increas 
ing the channel capacity of a Wireless local loop (WLL) in 
accordance With the present invention, it should be observed 
that the invention resides primarily in What is effectively a 
prescribed arrangement of conventional communication cir 
cuits and associated components. Consequently, the con 
?guration of such circuits and components and the manner 
in Which they are interfaced With other communication 
netWork equipment have, for the most part, been illustrated 
in the draWings by readily understandable block diagrams, 
Which shoW only those speci?c details that are pertinent to 
the present invention, so as not to obscure the disclosure 
With details Which Will be readily apparent to those skilled 
in the art having the bene?t of the description herein. Thus, 
the block diagram illustrations and associated cell layouts 
described herein are primarily intended to shoW the major 
components of a Wireless local loop netWork in a convenient 
functional grouping and processing sequence, Whereby the 
present invention may be more readily understood. 

[0018] As pointed out brie?y above, the present invention 
takes advantage of the ?Xed location of each subscriber’s 
radio, and the ability to independently con?gure each radio 
antenna, so as to incorporate antenna polariZation diversity 
into the cellular layout of the WLL netWork, and thereby 
provide an additional layer of interference rejection. When 
integrated With frequency reuse allocation, such antenna 
polariZation diversity alloWs an increase in the frequency 
channel reuse. 

[0019] The manner in Which the polariZation diversity 
mechanism of the present invention may be incorporated 
into Wireless local loop cellular cluster is diagrammatically 
illustrated in FIG. 4. As shoWn therein, cells of a given roW, 
such as roWs 41 and 43, employ a ?rst communication signal 
or antenna polariZation (e.g., vertical (V) polariZation), 
Which is orthogonal to a second communication signal or 
antenna polariZation (e.g., horiZontal polariZation) of an 
adjacent roW, such as roWs 42 and 44. Cells of the same roW 
employ the same polariZation. From a practical implemen 
tation standpoint for the non-limiting case of linear polar 
iZation, providing cross or orthogonal polariZation diversity 
is readily accomplished With the same antenna hardWare 
being installed at each site, but With a 90° rotation of 
antennal elements betWeen sites of orthogonal polariZation. 

[0020] The orthogonal or cross polariZation assignment 
scheme described above alloWs cells in adjacent roWs to 
employ identical channels Without eXceeding the established 
carrier to interference ratio (C/I). In the cell cluster eXample 
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of FIG. 4, for any given cell, only tWo adjacent cells have 
the same polariZation as the cell of interest, While the 
remaining four adjacent cells have the opposite polariZation, 
so that cross polariZation isolation is maXimiZed for the 
hexagonal geometry cluster. 

[0021] FIG. 5 diagrammatically illustrates the application 
of the polariZation diversity layout of FIG. 4 to the cluster 
diagram of FIG. 3, With a frequency reuse factor of four. As 
shoWn therein, for the case of using linear polariZation 
antenna components, an increase in interference rejection is 
provided by a cross or orthogonal polariZation isolation of 
10 dB betWeen a horiZontally polariZed base station antenna 
in the center cell 50 (A), and vertically polariZed antennas 
employed by WLL user equipments (B1, B3, B4, B6) in 
cells 51, 53, 54 and 56, Which are disposed in cell roWs 
adjacent to the ‘horiZontally polariZed’ roW of cells contain 
ing cell 50 and cells 52 and 55 (Wherein WLL user equip 
ments B2 and B5 are located). As noted above, the actual 
cross polariZation isolation Will vary as a function of the RF 
channel and are maXimally established at the time the 
netWork is initially con?gured. 

[0022] Were orthogonal polariZation isolation perfect 
(in?nite), the resultant C/I Would be 10.9 dB, as listed in the 
Table of FIG. 6, Which shoWs the relationship betWeen cross 
polariZation isolation for four adjacent cells and the resultant 
C/I for the cluster of FIG. 5, With a frequency reuse of four. 
It should be noted that installing a subscriber antenna With 
directional gain Will provide further improvement. HoWever, 
in general, the base station cannot employ a plurality of 
directional antennas, but rather uses a single omnidirectional 
antenna having a polariZation dictated by the designed 
polariZation diversity scheme, such as that shoWn in FIGS. 
4 and 5, described above. 

[0023] As Will be appreciated from the foregoing descrip 
tion, by taking advantage of the ?Xed location of each 
subscriber radio, and the ability to independently con?gure 
each subscriber’s antenna, the present invention is able to 
incorporate communication signalling or antenna cross 
(orthogonal) polariZation isolation into the cellular layout of 
the WLL netWork, and thereby provide an additional layer of 
interference rejection. Such a cross polariZation assignment 
scheme, in combination With frequency reuse allocation, 
provides a substantial increase in the C/I ratio and thereby 
alloWs an eXpansion of the reuse of frequency channels. 

[0024] While We have shoWn and described an embodi 
ment in accordance With the present invention, it is to be 
understood that the same is not limited thereto but is 
susceptible to numerous changes and modi?cations as are 
knoWn to a person skilled in the art, and We therefore do not 
Wish to be limited to the details shoWn and described herein, 
but intend to cover all such changes and modi?cations as are 
obvious to one of ordinary skill in the art. 

[0025] For eXample, although orthogonal linear polariZa 
tion components have been referenced for purposes of 
providing a non-limiting eXample, it should be realiZed that 
the invention is equivalently applicable to other polariZation 
diversity arrangements, such as, but not limited to right and 
left hand circular polariZation or orthgonal elliptical polar 
iZation. 
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What is claimed: 
1. A method of con?guring a communication network 

comprising the steps of: 

(a) providing a Wireless local loop netWork having an 
arrangement of cells, each of Which contains base 
station Wireless transceiver equipment that serves a 
plurality of ?xed customer Wireless transceiver sites, 
said ?xed customer Wireless transceiver sites being 
geographically dispersed relative to said base station 
and communicating With said base station using a 
prescribed communication signal polariZation therebe 
tWeen, said base station being arranged to interface 
customer calls With a public telephone sWitch netWork 
(PTSN); and 

(b) assigning communication frequency reuse and com 
munication signal polariZation diversity among respec 
tive cells of said netWork, so as to satisfy a prescribed 
carrier to interference ratio (C/I) criterion. 

2. A method according to claim 1, Wherein step (b) 
comprises employing antennas of a ?rst polariZation for 
Wireless communications betWeen base stations and cus 
tomer Wireless transceiver sites in ?rst selected ones of said 
cells and employing antennas of a second polariZation, 
different from said ?rst polariZation, for Wireless commu 
nications betWeen base stations and customer Wireless trans 
ceiver sites in second selected ones of said cells. 

3. A method according to claim 2, Wherein said ?rst and 
second polariZations are mutually orthogonal. 

4. A method according to claim 2, Wherein said ?rst and 
second polariZations are mutually orthogonal linear polar 
iZations. 

5. A method according to claim 2, Wherein said ?rst and 
second polariZations are mutually orthogonal circular polar 
iZations. 

6. A method according to claim 1, Wherein step (b) 
comprises employing antennas of a ?rst polariZation for 
Wireless communications betWeen base stations and cus 
tomer Wireless transceiver sites in ?rst selected roWs of said 
cells and employing antennas of a second polariZation, 
different from said ?rst polariZation, for Wireless commu 
nications betWeen base stations and customer Wireless trans 
ceiver sites in second selected roWs of said cells, betWeen 
said ?rst roWs of said cells. 

7. A Wireless local loop communication netWork com 
prising: an arrangement of cells, each of Which contains base 
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station Wireless transceiver equipment that serves a plurality 
of ?Xed customer Wireless transceiver sites, said ?Xed cus 
tomer Wireless transceiver sites being geographically dis 
persed relative to said base station and communicating With 
said base station using a prescribed communication signal 
polariZation therebetWeen, said base station being arranged 
to interface customer calls With a public telephone sWitch 
netWork (PTSN); and 

a distribution of polariZation diversity antennas among 
said base station Wireless transcceiver equipments, and 
Wherein communication frequency reuse and polariZa 
tion diversity antennas distributed among respective 
cells of said netWork are such as to satisfy a prescribed 
carrier to interference ratio (C/I) criterion. 

8. AWireless local loop communication netWork accord 
ing to claim 7 , Wherein said distribution of polariZation 
diversity antennas includes ?rst antennas of a ?rst polariZa 
tion for Wireless communications betWeen base stations and 
customer Wireless transceiver sites in ?rst selected ones of 
said cells and second antennas of a second polariZation, 
different from said ?rst polariZation, for Wireless commu 
nications betWeen base stations and customer Wireless trans 
ceiver sites in second selected ones of said cells. 

9. AWireless local loop communication netWork accord 
ing to claim 8, Wherein said ?rst and second polariZations 
are mutually orthogonal. 

10. AWireless local loop communication netWork accord 
ing to claim 8, Wherein said ?rst and second polariZations 
are mutually orthogonal linear polariZations. 

11. AWireless local loop communication netWork accord 
ing to claim 8, Wherein said ?rst and second polariZations 
are mutually orthogonal circular polariZations. 

12. AWireless local loop communication netWork accord 
ing to claim 7, Wherein ?rst antennas of said distribution 
have a ?rst polariZation for Wireless communications 
betWeen base stations and customer Wireless transceiver 
sites and are provided in ?rst selected roWs of said cells, and 
second antennas of said distribution have a second polar 
iZation, different from said ?rst polariZation, for Wireless 
communications betWeen base stations and customer Wire 
less transceiver sites and are provided in second selected 
roWs of said cells, betWeen said ?rst roWs of said cells. 


