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are hereby incorporated herein by reference in their entire 17 , 2011 , now U.S. Pat . No. 8,238,318 , the disclosures of 
ties . 20 which are hereby incorporated herein by reference in their 

The present application is also a Continuation - in - part of entireties . 
U.S. patent application Ser . No. 15 / 398,174 , filed on Jan. 4 , The present application is also a Continuation - in - part 
2017 , which is a Continuation of U.S. patent application Ser . application of U.S. patent application Ser . No. 14 / 983,059 , 
No. 15 / 165,504 , filed May 26 , 2016 , now U.S. Pat . No. filed on Dec. 29 , 2015 , which is a Continuation of U.S. 
9,572,163 , which is a Continuation of U.S. patent applica- 25 patent application Ser . No. 14 / 535,972 , filed on Nov. 7 , 
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Pat . No. 9,374,822 , which is a Continuation of U.S. patent of U.S. patent application Ser . No. 14 / 146,891 , filed on Jan. 
application Ser . No. 14 / 552,431 , filed on Nov. 24 , 2014 , now 3 , 2014 , now U.S. Pat . No. 8,897,340 , which is a Continu 
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of U.S. patent application Ser . No. 13 / 448,294 , filed on Apr. entireties . 
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2017 , which is a Continuation of U.S. patent application Ser . patent application Ser . No. 14 / 108,200 , filed on Dec. 16 , 
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Pat . No. 9,350,411 , which is a Continuation of U.S. patent ation of U.S. patent application Ser . No. 13 / 609,156 , filed on 
application Ser . No. 14 / 632,624 , filed on Feb. 26 , 2015 , now Sep. 10 , 2012 , now U.S. Pat . No. 8,422,540 , which also 
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8,311,023 , which is a Continuation of U.S. patent applica 
tion Ser . No. 13 / 212,036 , filed on Aug. 17 , 2011 , now U.S. Field 
Pat . No. 8,238,318 , the disclosures of which are hereby 55 
incorporated herein by reference in their entireties . The present disclosure relates generally to data network 

The present application is also a Continuation - in - part of ing and in particular to a backhaul radio for connecting 
U.S. patent application Ser . No. 15 / 470,080 , filed on Mar. remote edge access networks to core networks and an 
27 , 2017 , which is a Continuation of U.S. patent application associated antenna system . 
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TOR V1000 " ( see http://www.fastbacknetworks.com/v the scope may not be possible due to mechanical obstruc 
band / and FIG . 1H ) , and the High Capacity 70/80 GHz Band tion . For example , an installer may not have the room to fit 
Radio “ Liberator E100e ” ( see http : //www.fsatback.net between an interfering structure such as a wall and the 
works.com/liberator-e1000e/ and FIG . 1A ) . However , the optical alignment scope viewing port . In some installations , 
installation and maintenance of the alignment of the typi- 5 physical obstructions around almost every portion of the 
cally high gain and highly directive antennas associated with radio and parabolic reflector may be present , making the use 
such products prove time consuming and costly , requiring of an optical alignment scope virtually impossible . 
skilled technicians . FIGS . E - 1A through E - 4B provide a FIG . 1G is an example of a V band V - 1000 array antenna 
background of the technologies and processes typically in pattern provided by Fastback Networks that is commercially 
use presently in the industry . 10 available . The bore sight radiation peak designated at E - 16 

FIG . 1A depicts an E band radio for use in point - to - point 10 is shown at 0 degrees on the plot . The 3 dB point of the 
backhaul links in one embodiment . The present depiction radiation pattern is designated by E - 1G - 20 and has a 3 dB 
provides for a radio unit E - 1A - 40 with a parabolic reflector beam width of about 1.5 degrees . The first side lobe on the 
antenna E - 1A - 10 that has a 30 - centimeter diameter . The left - hand side is designated as E - 1G - 30 and has a peak 
radio unit is mounted to pole E - 1A - 20 by mounting bracket 15 radiation of -18.5 dB and is located at -2.35 degrees relative 
E - 1A - 30 . This specific product is the Liberator E1000e to bore sight . The foregoing radiation patterns are for 
provided by Fastback Networks . example purposes only and may vary in alternative embodi 

FIG . 1B depicts a parabolic antenna with the reflector ments . 
surface E - 1B - 10 having a Diameter ( D ) E - 1B - 40 and a depth FIG . 1E is a photograph of an exemplary V band antenna 
( d ) E - 1B - 30 in a focus or focal point E - 1B - 20 . The main 20 and radio integrated in a single V - 1000 product . V band 
antenna beam width of a parabolic reflector antenna may be Radio E - 1H - 40 is mounted to Pole E - 1H - 20 utilizing 
approximated using equation E - 1C that is shown in FIG . 1C . Mounting Bracket E - 1H - 30 . The radiating antenna array 
The equation defines the angular range ( 3 dB beam width ) aperture of the V band Radio E - 1H - 40 is designated as 
of the main lobe of a radiation pattern . E - 1H - 10 with the peak radiation perpendicular to the surface 

The beam width ( BW ) is equal to 70 * 2 , / D , where à is the 25 of E - 1H - 10 . Optical Alignment Scope E - 1H - 50 is in 
wavelength of the signal being transmitted , and D is the mechanical registration with the V band V - 1000 Radio 
diameter of the parabolic dish antenna . The 3 dB beam width E - 1H - 40 such that adjustments to azimuth and elevation 
is defined as the points within the radiation pattern , which made using Mounting Bracket E - 1H - 30 are jointly made 
are three decibels ( dB ) lower than the peak radiation point between the optical alignment scope and the V band radio . 
of the main lobe . 30 As discussed with FIG . 1 - F associated with the E band radio 

FIG . 1D is an example E band parabolic reflector gain at and Optical Alignment Scope E - 1F - 50 , mechanical obstruc 
3 dB beam widths for specific diameters of parabolic reflec tion may occur associated with V band Radio E - 1H - 40 and 
tors . For instance , a 30 centimeter diameter in the present interfere with the use of the Optical Alignment Scope 
example as 44 dBi of gain and a 3 dB beam width of about E - 1H - 50 . 
0.9 degrees . Whereas a 60 - centimeter diameter parabolic 35 FIG . 2A depicts an installation process using an optical 
reflector antenna has a gain of 51 dBi and a 3 dB beam width alignment scope where an installer will peer through an 
of about 0.4 degrees . optical alignment scope at one end of a link to utilize line of 

FIG . 1E depicts an exemplary normalized antenna radia sight alignment to a peer radio mounted elsewhere . During 
tion pattern for a 60 - centimeter Diameter E band parabolic installation it is important for highest performance radio link 
reflector . The X - axis shows the radiation pattern relative to 40 operation that the area around the line of sight link between 
the angle in degrees respective to the bore sight or center the two radios be clear of obstructions within an area 
axis of the antenna . The Y - axis represents the normalized designated as the Fresnel zone . For example , the depicted 
gain in dB . The peak radiation pattern is designated as crane is close to violating the Fresnel zone but is within 
E - 1E - 10 at 0 degrees . The 3 dB point is designated at acceptable distance so as to not impact the line of sight link . 
E - 1E - 20 and the 3 dB beam width is about 0.5 degrees in the 45 However , if the crane or the water tower depicted in FIG . 2A 
present example . Side lobe E - 1E - 30 has a gain of -18.4 dB were to impinge upon the Fresnel zone clearance area , 
relative to the peak - normalized gain and is located at -0.787 reflections or diffraction of transmitted signal from these 
degrees . structures may create multiple propagation paths or “ multi 

FIG . 1F is an image of an exemplary E band radio with path . ” Such multipath may cause fading or undesirable 
a 60 - centimeter parabolic reflector antenna including an 50 channel propagation characteristics for the line of sight 
optical alignment scope attachment for use in initial instal communication link . 
lation for aiming or aligning the parabolic reflector with the While many mobile wireless systems operate with propa 
remote radio for use in a point - to - point link in one embodi gation channels having significant multipath , typical E band 
ment . Reflector E - 1F - 10 is the 60 - centimeter parabolic or V band or other backhaul links generally are configured 
reflector antenna . Radio E - 17-40 is mounted to Pole E - 1F- 55 such that their radio links exclude multipath propagation 
20 utilizing Mounting Bracket E - 1F - 30 . The optical align channels and allow for higher performance radio links or 
ment scope is identified as E - 1F - 50 . The optical alignment simplified hardware architectures and potentially higher 
scope is mounted to Bracket E - 1F - 30 and is in mechanical speed data rates . In some embodiments however non - line of 
registration with Radio E - 17-40 so as to allow azimuth and sight or “ near ” line of sight operation is possible through the 
elevation adjustments to the radio to also be corresponding 60 use of equalization or other adaptive techniques utilizing 
adjustments to the optical alignment scope . In this way , advanced waveforms such as OFDM , CDMA or other 
making adjustments using a screwdriver and a worm screw , wireless modulations or techniques to mitigate the effects of 
which change elevation or azimuth of the radio , will like multipath propagation . Further techniques many be utilized 
wise change elevation or azimuth alignment of the optical to reduce the impact , or even benefit from the multipath 
scope . 65 environment including spatial division multiple access 

In some installations , use of an optical alignment scope ( SDMA ) , multiple input multiple output ( MIMO ) , or coop 
can be problematic because mechanical clearance to utilize erative spatial multiplexing wireless techniques ( COSDM , 
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COMIMO ) . However , it should be understood that most often utilize feedback from the intended receiver to the 
links within E band and V band and other point - to - point transmitter on a return link . If an antenna is misaligned so as 
wireless data links do not use such techniques . to cause a reception 6 dB lower at the intended receiver , such 

FIG . 2B provides a view of what an installer would see power control systems and techniques would result in the 
when looking through an exemplary optical alignment scope 5 transmitting point - to - point radio being required to transmit 
during the installation process when trying to locate a 6 dB more power than would otherwise be necessary . Such 
desired peer data link radio during establishment and initial increase in transmission power may result in distortion of 
configuration process . the transmitted waveform limiting performance in some 

FIG . 2C shows exemplary azimuthal and elevation adjust embodiments or they may cause interference to other radios 
ments utilized in aligning a line of sight wireless link , for 10 operating in separate point - to - point links but within the 
example in a V band V - 1000 product . E - 2C - 40 is a V band radiation pattern of the transmitting antenna . Such interfer 
radio in one embodiment and similar to the V - 1000 depicted ence may be reduced by up to 6 dB with proper alignment . 
in FIG . 1E as E - 1E - 40 . Mounting Pole E - 2C - 30 is utilized Additionally , an increased transmission power will require 
to secure the radio . The bracket utilized to mount the Radio additional power consumption and expense for the operation 
E - 2C - 40 to Pole E - 2C - 30 was designated in FIG . 1E as 15 of the point - to - point link . Additionally , operating a radio at 
Bracket E - 1E - 30 and can be seen in FIG . 2C as E - 2C - 35 . a higher power levels may impact the mean time to failure 
Two screws are present on Bracket E - 2C - 35 , one of which or other reliability aspects of the deployed equipment . 
will make elevation changes designated as E - 2C - 10 and the Referring now to FIG . 3A a depiction of the size of the 
other will make azimuthal changes or adjustments desig main lobe or the 3 dB beam width of an antenna beam 
nated as E - 2C - 20 . 20 pattern is depicted at Radius r at a downrange Distance L 

FIG . 2D depicts a manual exemplary search pattern in where the 3 dB “ spot pattern ” is designated at E - 3A - 10 at a 
azimuth and elevation for use in aligning the V - 1000 or other Distance L ( E - 3A - 20 ) within the main beam pattern and 
point - to - point radio links . In many known systems a feed designated by E - 3A - 30 . 
back signal is provided by the radio as an audio tone in pitch Equation E - 3B within FIG . 3B is a formula to calculate 
or a voltage level , providing feedback in terms of a received 25 the radius “ r ” of the 3 dB antenna beam pattern at a down 
signal strength indication or other alignment metric so as to range distance L as a function of the 3 dB beam width 
indicate to an installer a detected signal from a peer radio in depicted as “ O ” in both FIG . 3A and FIG . 3B . 
the point - to - point link . The resulting feedback allows the FIG . 3C is a graphical depiction and an exemplary align 
installer to understand when the radio has detected a ment accuracy requirement to achieve antenna gain within 3 
received signal from the peer during search pattern E - 2D - 20 30 dB of the maximum achievable gain at various link distances 
within the search space E - 2D - 10 . At such a point the for a specific exemplary antenna . Point - to - point radio E - 3C 
installer will cease their search pattern , in one example , and 10 is in communication with a peer radio designated by 
then search in an azimuth and elevation range around the E - 3C - 30 . Circle E - 3C - 20 designates the 3 dB beam width at 
detected alignment so as to attempt to maximize the received the link distance . Table E - 3C - 40 provides examples , for an 
signal power levels . In some products a graphical feedback 35 exemplary antenna , of the size of the 3 dB alignment 
utilizing LEDs or a web page is possible while in others , accuracy circle E - 3C - 20 at various link distances . For 
simply a voltage level or other indicator of received signal example , at 100 meters the alignment must be within 0.9 
strength or other alignment metric is known . However , as meters of the peak alignment to achieve a received signal 
can be understood by one of ordinary skill in the art , such level within 3 dB of the maximum possible . In contrast to 
manual searching without guidance as to which direction , 40 this , at 800 meters link distance the alignment accuracy must 
within the available degrees of freedom , adjustments should be within 7 meters to achieve a 3 dB RSSI within the 
be made can result in lengthy and imprecise process during maximum possible for that particular link . 
the installation . Such an installation process requires skilled FIG . 4A and FIG . 4B provide examples of non - ideal 
labor in the form of experienced technicians , which may be effects for point - to - point wireless links wherein the physical 
in limited availability resulting in limitations in the ability to 45 structure , the mounting pole or other structure experience 
quickly deploy large numbers of the point - to - point links as mechanical movement due to wind loading , mechanical 
well as increased expense associated with such deploy vibration , or other factors . For example , Pole E - 1E - 20 of 
ments . FIG . 1E or Pole E - 1F - 20 of FIG . 1F or Pole E - 1A - 20 of FIG . 

Furthermore , if care is not taken , minor adjustments in 1A sway or twist due to mechanical vibration , wind blowing 
elevation and azimuth may result in significant changes in 50 or other mechanical loading . In FIG . 4A the antenna envi 
received signal strength . For example , the antenna beam ronmental misalignment terminology is defined as pole 
patterns depicted and discussed previously associated with swaying and twisting ( sway and twist ) . Exemplary angular 
FIG . 1D and FIG . 1E demonstrate the significant changes in deflection tolerances for various frequencies and antenna 
received power that may occur between very small adjust sizes or directivities are provided within the associated table 
ments in the angular alignment . For example , the 60 - centi- 55 for various resulting maximum gain losses as the antenna 
meter E band pattern of FIG . 1E would have in excess of 15 alignment is varied due to the mechanical effects . Swaying 
dB received signal strength change over a peak alignment to and twisting result in misalignment of the antenna beam 
misalignment of a half of a degree . While 15 dB would be pattern . As noted , the antenna pattern of the 60 centimeter 
noticeable to most installers , misalignments of a quarter of parabolic reflector of FIG . 1E has a 3 dB bandwidth of about 
a degree can result in 3 to 6 dB of received signal power 60 0.5 degrees ( E - 1E - 20 ) . Therefore , swaying or twisting 
differences . Such differences are important in terms of which misaligns the antenna by more than a quarter of a 
increased transmission power and interference to other wire degree from initially perfect alignment would result in a loss 
less links . For example , many point - to - point links utilize of gain by more than 3 dB . 
adaptive transmission power control adjustments so as to As shown in the table of FIG . 4A at 5.8 gigahertz in a 
transmit power levels from one radio so that they are 65 60 - centimeter antenna deflection of 3.3 degrees is required 
received with sufficient but not excessive power or signal to to experience at least a 3 dB loss ( assuming initially perfect 
noise ratio at the intended receiving radio . Such processes alignment ) . In contrast , for the same physical antenna size of 
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60 cm , an 80 GHz signal and associated beam width would FIG . 2D provides an exemplary manual azimuth and 
require only 0.25 degrees for a similar loss . For 10 dB loss , elevation alignment search path for use in aligning a line 
a maximum deflection of 5.5 degrees at 5.8 gigahertz would of - sight wireless link . 
be required . At 80 gigahertz a 30 - centimeter antenna has a FIG . 3A provides a depiction of the size of the “ 3 dB ” 
wider beam width than that of the 60 centimeter . As a result , antenna beam pattern as the radius “ p ” relative to the 
a 3 dB loss would be experienced for a 0.4 degree deflection downrange distance “ L ” , as a function of 3 dB beam width 

" 0. " rather than a 0.25 degree deflection as with the previous 
example . FIG . 3B provides a formulation of the size of the “ 3 dB ” 

Referring now to FIG . 4B , examples of twist and sway antenna beam pattern as the radius “ r ” relative to the 
typical of differing structures are provided . For example , a 10 downrange distance “ L ” , as a function of 3 dB beam width 

" 0. " building that's greater than 30 stories may experience a 
maximum of 0.05 degrees as an example while a monopole FIG . 3C provides a graphical depiction and exemplary 
such as those previously discussed may experience 2 to 3 alignment accuracy requirements to achieve antenna gain 

within 3 dB of the maximum achievable gain at various link degrees of twist and sway . Such mechanical deflections 15 distances for a specific exemplary antenna . based on the type of structure to which the antenna is FIG . 4A depicts antenna environmental misalignment 
mounted must be considered when a point - to - point link is terminology and exemplary angular deflection tolerances for 
installed and alignment of the antenna . A specific precision various frequencies , antenna sizes and maximum gain loss . 
of alignment may be required for some antenna beam widths FIG . 4B provides exemplary environmental twist and 
when combined with an amount of inherent twist and sway 20 sway misalignment in degrees for various structures . 
so as to not incur excessive power variation at the receiver FIG . 5 is an exemplary flow diagram of an embodiment 
due to resulting misalignment of the antenna beam pattern . of a multi - stage point to point radio antenna alignment 
For example , with mechanical twist and sway of 0.25 procedure for use in initial alignment and link parameter 
degrees , as discussed , where a 60 - centimeter E Band reflec maintenance including on - going alignment in some embodi 
tor must be installed with initial perfect alignment so as to 25 ments . 
experience a maximum of 3 dB signal loss as twist and sway FIG . 6 depicts an exemplary block diagram of an embodi 
occurs . However , in the same configuration , if the initial ment of an alignment assisting device ( AAD ) for use in 
installation were aligned a quarter of a degree from peak embodiments of installation procedures including initial 
alignment it will be noted that the twist and sway will cause alignment and maintenance embodiments . 
significant loss in excess of 10 to 15 dB when the structure FIG . 7A is a depiction of an exemplary embodiment of a 
sways away from initial alignment . As a result , one can fixed point to point radio with an integrated parabolic 
understand that antenna beam width selection as well as reflector antenna and including an embodiment of an inte 

grated alignment assisting device ( I - AAD ) . initial alignment accuracy can be critical in specific FIG . 7B is a depiction of an exemplary embodiment of a examples . 35 fixed point to point radio with an integrated parabolic However , it is known that “ perfect alignment " can be reflector antenna and including an embodiment of an align extremely difficult to achieve even for skilled technicians . ment assisting device ( AAD ) having both integrated 
( I - AAD ) and external devices or electronics ( E - AAD ) . BRIEF DESCRIPTION OF THE FIGURES FIG . 7C is a depiction of an exemplary embodiment of a 

40 fixed point to point radio with an integrated parabolic 
FIG . 1A is an exemplary depiction of an E - Band radio reflector antenna and including an embodiment of an inte with an integrated parabolic reflector antenna . grated alignment assisting device ( I - AAD ) with an exem 
FIG . 1B is an exemplary depiction of a parabolic reflector plary interface to a mobile wireless device . 

providing typical reference terms . FIG . 7D is a depiction of an exemplary embodiment of a 
FIG . 1C provides an equation ( EQ . E - 1C ) and associated 45 fixed point to point radio with an integrated parabolic 

definitions for an approximation for the antenna beam width reflector antenna and including an embodiment of an exter 
of a parabolic dish Antenna . nal alignment assisting device ( E - AAD ) . 

FIG . 1D is an exemplary table of E - Band Parabolic FIG . 7E is a depiction of an exemplary embodiment of a 
Reflector diameters and associated antenna Gain and 3 dB fixed point to point radio with an integrated parabolic 
radiation pattern beam widths . 50 reflector antenna and including an embodiment of an exter 

FIG . 1E is an exemplary normalized antenna pattern for nal alignment assisting device ( E - AAD ) with an exemplary 
a 60 cm E - band parabolic reflector over 220 degrees from interface to a mobile wireless device in communications 
“ antenna bore sight . ” with a cellular network . 

FIG . 1F is an exemplary depiction of an E - Band radio FIG . 8A is an exemplary illustration of the use of cellular 
with an integrated 60 cm parabolic reflector antenna includ- 55 devices to facilitate a communications link for use in 
ing an optical alignment scope attachment . embodiments of the initial alignment and configuration 

FIG . E - 16 is an example of a V band array antenna procedures in some embodiments . 
pattern . FIG . 8B is an exemplary illustration of the use of cellular 

FIG . 1H is an exemplary depiction of a V band radio with devices to facilitate a communication link for use in embodi 
an integrated array antenna including an optical alignment 60 ments of the initial alignment and configuration procedures 
scope attachment . including the use of a remote server in some embodiments . 

FIG . 2A provides an exemplary depiction of the use of an FIG . 9A is a diagram of an exemplary embodiment of a 
optical scope to align a line - of - sight link . point to point link utilizing two backhaul radios having fixed 

FIG . 2B provides an exemplary view of through an optical high gain antennas where in alignment is sub - optimal based 
scope for use in aligning a line of sight link . 65 upon an exemplary " course alignment ” procedure . 

FIG . 2C provides a depiction of azimuthal and elevation FIG . 9B depicts an exemplary plot of normalized antenna 
adjustments utilized in aligning a line - of - sight wireless link . gain plots for embodiments of an exemplary hybrid back 
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haul radio depicting the main antenna lobes of each of a reflector antenna and including an embodiment of multiple 
plurality antenna patterns having differing main beam 5 GHz band auxiliary antenna ( s ) with offset focal point 
widths . alignment for use with one or more embodiments of the 

FIG . 10A is a depiction of an exemplary embodiment of current invention . 
a fixed point to point radio with an integrated parabolic 5 FIG . 15B - 1 is a depiction of an exemplary placement of 
reflector antenna and including an embodiment of one or multiple auxiliary antenna ( s ) relative to the on - axis focal 
more 5 GHz band auxiliary antenna ( s ) with central focal point of a parabolic reflector antenna with alignment off - axis 
point alignment for use with one or more embodiments of but equidistant with the focal point for use with one or more 
the current invention . embodiments of the current invention . 

FIG . 10B - 1 is a depiction of an exemplary placement of 10 FIG . 15B - 2 is a depiction of an exemplary placement of 
one or more auxiliary antenna ( s ) relative to the on - axis focal multiple auxiliary antenna ( s ) relative to the on - axis focal 
point of a parabolic reflector antenna with alignment on - axis point of a parabolic reflector antenna with alignment off - axis 
but further from focus for use with one or more embodi and further then the focal point for use with one or more 
ments of the current invention . embodiments of the current invention . 

FIG . 10B - 2 is a depiction of an exemplary placement of 15 FIG . 15B - 3 is a depiction of an exemplary placement of 
one or more auxiliary antenna ( s ) relative to the on - axis focal multiple auxiliary antenna ( s ) relative to the on - axis focal 
point of a parabolic reflector antenna with alignment on - axis point of a parabolic reflector antenna with alignment on - axis 
but closer than the focus for use with one or more embodi but offset in distance from the focal point for use with one 
ments of the current invention . or more embodiments of the current invention . 

FIG . 10B - 3 is a depiction of an exemplary placement of 20 FIG . 15B - 4 is a depiction of an exemplary placement of 
one or more auxiliary antenna ( s ) relative to the on - axis focal multiple auxiliary antenna ( s ) relative to the on - axis focal 
point of a parabolic reflector antenna with alignment off - axis point of a parabolic reflector antenna with alignment both at 
but equidistant with the focus for use with one or more the focal point , and off - axis but for use with one or more 
embodiments of the current invention . embodiments of the current invention . 

FIG . 10B - 4 is an alternative depiction of an exemplary 25 FIG . 15B - 5 is a depiction of an exemplary placement of 
placement of one or more auxiliary antenna ( s ) relative to the multiple auxiliary antenna ( s ) relative to the on - axis focal 
on - axis focal point of a parabolic reflector antenna with point of a parabolic reflector antenna with alignment off - axis 
alignment off - axis but equidistant with the focus for use with but offset in both nearer and further distance from the focal 
one or more embodiments of the current invention . point for use with one or more embodiments of the current 

FIG . 10B - 5 is a depiction of an exemplary placement of 30 invention . 
one or more auxiliary antenna ( s ) relative to the on - axis focal FIG . 15B - 6 is a depiction of an exemplary placement of 
point of a parabolic reflector antenna with alignment off - axis multiple auxiliary antenna ( s ) relative to the on - axis focal 
and further than the focus for use with one or more embodi point of a parabolic reflector antenna with alignment off - axis 
ments of the current invention . but offset in distance nearer than the focal point for use with 

FIG . 10B - 6 is a depiction of an exemplary placement of 35 one or more embodiments of the current invention . 
one or more auxiliary antenna ( s ) relative to the on - axis focal FIG . 16 is a depiction of an exemplary embodiment of a 
point of a parabolic reflector antenna with alignment off - axis fixed point to point radio with an integrated parabolic 
and closer than the focus for use with one or more embodi reflector antenna and including an embodiment of multiple 
ments of the current invention . auxiliary antenna ( s ) with placed radially on the parameter of 

FIG . 10C is a depiction of a multiple element array 40 the parabolic for use with one or more embodiments of the 
antenna having four antenna apertures , having narrow and current invention . 
wide radiation patterns . FIG . 17 depicts a diagram of an exemplary placement of 

FIG . 10D is a depiction of an arrangement of receive and auxiliary antennas radially on the parameter of a parabolic 
transmit chains coupled to respective antenna elements is antenna according to some embodiments of the invention . 
depicted . FIG . 18A is an exemplary illustration of the relationship 

FIG . 11A is an exemplary block diagram of an embodi between a waveform center frequency ( wavelength à ) and 
ment of an “ alignment transmitter . ” the relative signal propagation difference detected between 

FIG . 11B is an exemplary embodiment of an alignment two antenna elements of an exemplary two element antenna 
waveform utilizing Zadoff - Chu codes . array . 

FIG . 12 depicts an exemplary plot of normalized antenna 50 FIG . 18B is a plot of the absolute value of the maximum 
gain plots for embodiments of an exemplary hybrid back unambiguous angle of arrival relative to array broadside 
haul radio depicting the main antenna lobes of each of a versus element spacing in wavelengths for a two element 
plurality antenna patterns having differing main beam antenna array . 
widths and including exemplary measurements for use in FIG . E18C provides EQ . E - 18C describing a formula 
alignment and alignment qualification . 55 defining the maximum unambiguous angle of arrival relative 

FIG . 13 is an exemplary flow diagram of an embodiment to array broadside versus element spacing in wavelengths 
of a point to point radio antenna alignment procedure for use for a two element antenna array . 
in initial alignment utilizing an alignment assisting device FIG . 19A depicts a plot of the normalized gain in dB 
and one or more frequencies and beam widths for alignment relative to the angle of arrival for a signal received by a 
measurements . 60 linear equally spaced ( 2.92 ) 4 element antenna array having 

FIG . 14 is an exemplary flow diagram of an embodiment a 60 cm total array baseline ( 11.62 ) for a ISM band signal 
of a multiple stage point to point radio antenna alignment ( 5.8 GHz ) center frequency showing “ spatial aliasing . " 
procedure for use in initial alignment utilizing an alignment FIG . 19B depicts a plot of the normalized gain in dB 
assisting device and multiple frequencies and beam widths relative to the angle of arrival for a signal received by a 
for alignment measurements . 65 linear equally spaced ( 3.92 ) 3 element antenna array having 

FIG . 15A is a depiction of an exemplary embodiment of a 60 cm total array baseline ( 11.62 ) for a ISM band signal 
a fixed point to point radio with an integrated parabolic ( 5.8 GHz ) center frequency showing “ spatial aliasing . ” 

45 
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FIG . 20A depicts an exemplary E - Band antenna array alignment is performed utilizing one or more of the embodi 
having a grid of antenna element sets and auxiliary ISM ( 5.8 ments of the present invention , which will be discussed in 
GHz ) antenna elements for use in an embodiments of the more detail , associated with subsequent figures . In one 
present invention . embodiment , an alignment - aiding device may be utilized 

FIG . 20B depicts an exemplary E - Band antenna array 5 which may be integrated with and inside the physical 
having a grid of antenna element sets including auxiliary enclosure and housing of the point - to - point radio or may be 
E - band sub - arrays and antenna element sets for use in an mounted to the exterior of the radio . The electronics may be 
embodiments of the present invention . comprised entirely or partially integrated and partially exter 

FIG . 20C depicts a plot of the normalized gain in dB nal to the radio housing , or in yet other embodiments 
relative to the angle of arrival for a signal received by two 10 entirely external . Such an alignment - aiding device in vari 
E - Band ( 80 GHz e.g. , 3.75 mma ) antenna “ sub - arrays ” ous embodiments may include a GPS receiver , an aug 
having a composite 60 cm aperture baseline ( 1602 ) , where mented GPS receiver , a differential GPS receiver or the like . 
the phase center separation of the two sub - arrays is 321 It may further include an accelerometer or other capabilities 
demonstrating phase ambiguity epochs from spatial aliasing . as will be discussed further . Such an alignment - aiding 

FIG . 20D depicts a plot of the normalized gain in dB 15 device may have a display and inputs and an electrical 
relative to the angle of arrival for a signal received by two interface to processors or other electronics of the radio . The 
E - Band ( 80 GHz e.g. , 3.75 mma ) antenna “ sub - arrays " alignment - aiding device may additionally include a wireless 
having a composite 60 cm aperture baseline ( 1602 ) , where capability such as Bluetooth , Wi - Fi , NFC , or cellular com 
the phase center separation of the two sub - arrays is 102 munications capability . Some embodiments of the align 
demonstrating phase ambiguity epochs from spatial aliasing . 20 ment - aiding device may interface with another wireless 

FIG . 21 depicts an exemplary block diagram of an align device such as a smart phone , which in some embodiments 
ment transmitter with separate transmitters and a depicting aid in installation . In some embodiments , the capabilities of 
of the relative timing of transmitted alignment waveforms the smart phone , such as the GPS receiver , may be utilized 
according to embodiments of the present invention . as part of the functionality of performing course alignment 

FIG . 22 depicts an exemplary block diagram of an align- 25 or other steps of the embodiments . Step E - 5-30 provides an 
ment transmitter with a common waveform generator and assessment of whether specific metrics associated with 
separate radio frequency delays and a depicting of the course alignment have been met . If they have not been met , 
relative timing of transmitted alignment waveforms accord the course alignment is performed again in Step E - 5-20 , and 
ing to embodiments of the present invention . the process is continued until the course alignment is quali 

FIG . 23A depicts an exemplary illustration of a parabolic 30 fied as passing . The course alignment may include commu 
dish antenna having a plurality of radial ancillary alignment nications between two alignment - assisting devices or 
antenna element and a receiving backhaul radio utilizing one phones associated with such alignment - assisting devices so 
or more receiver for detecting the alignment waveform allow Internet protocol connectivity to associated 
according to some embodiments of the present invention . alignment - assisting devices or to a central server providing 

FIG . 23B provides an exemplary plot of receiver corre- 35 for operation of the course alignment in terms of sharing 
lated alignment waveform power verses time for a plurality data or performing calculations in the central server or in the 
of receiver time epochs for use in receiving waveforms for smart phone or within an alignment - assisting device itself 
use in detecting transmitter miss - alignment according to attached to or embedded within the radios for each end of a 
some embodiments of the present invention . particular link various some embodiments . 

FIG . 23C provides an exemplary plot of receiver corre- 40 Other embodiments may utilize point - to - multi - point link 
lated alignment waveform power verses time for a combined capability , and the current disclosures should not be consid 
receiver time epoch output according to some embodiments ered to be limited to point - to - point links . The course align 
of the present invention . ment may include the calculation of headings utilizing an 

FIG . 23D provides an exemplary plot of receiver corre electronic compass heading and resulting in azimuth settings 
lated alignment waveform power verses time for a combined 45 associated with the compass headings so as to point two 
receiver time epoch output according to some embodiments point - to - point radio links at each other within a certain 
of the present invention , wherein multiple propagations tolerance , for example , plus or minus 10 degrees in one 
paths of at least one alignment signal is detected . embodiment . 

FIG . 24 depicts an exemplary embodiment of receiver In terms of elevation , the alignment - assisting device may 
processing steps for use during some embodiments of trans- 50 include a level sensor and / or an altimeter for feedback in 
mission antenna alignment to one or more intended receiv terms of the adjustment of the elevation angle of the antenna . 

In other embodiments , a GPS receiver may be utilized for 
both or either of course alignment in azimuth and elevation . 

DETAILED DESCRIPTION OF THE As mentioned , an electronic compass may be included 
INVENTION 55 within the alignment - assisting device , or such a capability 

may be utilized from a smart phone or other electronics 
Aspects of the present inventions provide for significant available to the radio or alignment - assisting device . Such 

simplification of the installation processes in specific capability may be utilized in feedback associated with 
embodiments . azimuthal settings for course alignment . Such feedback may 

FIG . 5 is an exemplary flow diagram of an embodiment 60 be an indication to an installer who will then manually set 
of a multi - stage point - to - point radio antenna alignment the azimuth and elevation settings for proper course align 
procedure for use in initial alignment and link parameter ment ( or fine or super fine alignment in various embodi 
maintenance , including ongoing alignment in some embodi ments ) . Feedback from the alignment - assisting device may 
ments . Other embodiments may include point to multipoint be utilized by a technician who will manually make adjust 
radios , of other configurations . The process is started in Step 65 ments to the point - to - point radio - mounting bracket so as to 
E - 5-10 with a technician performing initial mounting of the align a device to the course alignment parameters , as speci 
antenna and radio hardware . Next , in Step E - 5-20 a course fied . Additionally , an accelerometer mounted in the align 

as 

ers . 
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ment - assisting device may be used to determine if adjust interference is detected . Such measurements may be one 
ments have been made sufficiently and fed back to the criterion for determining whether course alignment ( or other 
technician when the appropriate adjustments have been stages of alignment ) has been achieved . 
made . Such feedback may also be based upon an electronic Alternatively , or in addition to other measured param 
compass or otherwise in conjunction with an accelerometer 5 eters , if the received signal power is not within a tolerance 
so as to detect course alignment . Other methods of detecting of what is expected , a conditional qualification of the 
course alignment may include hybrid radio techniques , alignment may fail . For example , it may be determined that 
which have wider beam patterns than , for instance , an a predicted signal level based upon a wireless propagation 
E - band radio parabolic antenna , having a half a degree beam model is not realistic for a specific implementation topology 
width . In contrast to an 80 GHz radio operating with a 60 cm 10 and that too much signal or not enough signal is being 
aperture reflector , some embodiments utilizing a hybrid received , under which conditions either blockage exists in 
band radio will operate additionally at 5.8 GHz and having the form of a structure or fading due to multi - path or an 
a much wider beam width , such as approximately 14 interference level degrading the signal - to - noise ratio or 
degrees , when utilizing the same reflector . Such a beam carrier - to - interference ratio ( C / I ) may , and that a particular 
width may detect initial course alignment and provide 15 goal is not achievable . 
further direction to the technician through measurements to Regardless of the specific metric utilized for course 
refine the course alignment , or refinement of the subsequent alignment , such as RSSI or signal to noise ratio or alignment 
fine alignment step . As mentioned , Steps E - 5-20 and E - 5-30 in terms of compass heading , the alignment process will 
comprising the course alignment procedure and qualifying continue until either the criteria are met or it is determined 
the course alignment being completed to a metric , may 20 that too many attempts have been made . If it is determined 
involve utilization of mapping data , manual input of coor that it is unlikely that the course alignment criteria will be 
dinates such as latitude and longitude , GPS measurements or met in the current configuration , such feedback may be 
the like to generate a compass heading and an elevation provided to the technician utilizing the alignment - assisting 
heading , resulting in specific elevation and azimuth values device or through messaging to a smart phone or other 
communicated to a technician who may utilize an align- 25 display or by sending messages to a central server or the peer 
ment - assisting device to receive those settings and to deter radio of the point - to - point link . The indication of , for 
mine when the adjustments in azimuth and elevation to the example , a defined search space having been searched 
point - to - point radio have been achieved in specific embodi completely one or more times , allows proper action to be 
ments . The qualification of course alignment having been taken through reconfiguration of operating frequency or 
achieved in some embodiments may be the detection of an 30 physical location or other physical reconfiguration . For 
alignment signal by the remote peer radio , as transmitted example , a determination of interference sources interfering 
from the local radio being adjusted , or the local radio with the current configuration may be identified , and the 
detecting a remote signal . adjustment of the antenna so as to minimize such interfer 

Alternatively , settings may be communicated to the tech ence may be made . 
nician that are not absolute during course alignment ( or 35 Following the criteria of the course alignment being met , 
other alignment phases ) , but may be related to adjustments fine alignment is performed in E - 5-40 , which would include , 
to be made to allow for further measurements to be made . in embodiments , the detection of signal from the peer radio 
Such instructions provided to a technician in some embodi and the adjustment of the detecting radio's alignment . In 
ments may be a number of turns of a specific gear or screw other embodiments the detection of an alignment - assisting 
which would be a relative adjustment based upon the current 40 signal is utilized to provide feedback relating to adjustment 
position in elevation and / or azimuth and allow the align of the remote radio's alignment in elevation , azimuth power 
ment - assisting device in mechanical registration with the or other link parameters . Based upon qualifying the fine 
antenna to be incrementally adjusted and provide feedback alignment in Step E - 5-50 , it is determined if a fine alignment 
to allow for the further incremental manual adjustment of metric is met . This determination may involve the determi 
the azimuth and elevation of the point - to - point radio to be 45 nation of the radio channel propagation impulse response 
within the course alignment qualification criteria . which may include the determination of reflections from 

Such qualification criteria may be based upon the deter structures within Fresnel zone , meeting signal detection 
mination of the azimuth and elevation being within a target power levels , signal noise ration levels or the like . Feedback 
range or may be based upon the detection of a signal to a to a technician performing installation at one or both of the 
sufficient quality through either an absolute or iterative 50 local and remote peer - to - peer radios of a desired link may be 
process in specific embodiments . Some embodiments may provided by the alignment assisting devices . Such feedback 
include a method or algorithm to determine if course align may include specifying an angle , elevation setting and 
ment is not possible to meet . For example , in an embodiment power level to be achieved or may be feedback relative to 
in which signal detection is to be performed , after a number the current parameters for alignment , for example adjusting 
of trials at various azimuth and elevation settings , it may be 55 3 degrees in the positive direction of the azimuthal settings 
determined that signal detection may not be achievable and 1/2 degrees in positive elevation setting . Such adjust 
within an expected search space having been searched and ments may additionally include power level settings , or 
recorded by the alignment assisting device for example . In expected target levels in some embodiments . In other 
one embodiment , it is determined based upon the recorded embodiments power levels may be adjusted automatically 
azimuth and elevation search space that attempting a differ- 60 utilizing an automatic power control process and facilitated 
ing configuration such as relocating the mounting location of by the alignment assisting devices or other methods . 
one or both of the peer point - to - point radios may be war Further qualification may be based upon channel propa 
ranted . Such a determination may be based , in one example ; gation modeling based upon the physical distance between 
if it is determined that other deleterious conditions exist , the peer radios and a calculated radio propagation path loss 
such as lack of a structure - free Fresnel zone . In other 65 between the two radios and knowledge of the transmitting 
conditions it may be determined that changing the frequency power from one radio to the receiving radio . A tolerance in 
of operation may be warranted for instance if significant which the predicted power should be received relative to the 
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received signal strength indication that is actually received ability to equalize the channel versus the ability to not 
may comprise a qualifying criterion in some embodiments . equalize the channel in various embodiments . 

Following qualification of fine alignment in Step E - 5-50 , If the metrics are not met , for instance the signal power 
superfine alignment may be performed in E - 5-60 allowing drops by more than some tolerance then processing proceeds 
for the determination and refinement of the absolute peak of 5 to Step E - 5-90 to perform maintenance adjustments which 
the antenna radiation patterns . In one embodiment course may be automatic such as power level adjustments or may 
alignment may be made based upon calculated angle and be manual such as sending a notification to the network 
azimuth settings , where fine alignment may be determined operations center or other monitoring device , alerting them 
based upon a hybrid radio utilizing 5.8 GHz ( i.e. “ ISM ” ) to the state of the link and their ability to determine whether 
band transmissions , and superfine alignment may be 10 a site visit of a technician is warranted or not . 
achieved utilizing the intended data link operating frequency In some embodiments minor alignment adjustments may 
such as E - band 80 GHz or V - band 60 GHz operation . be achievable through electronic tuning of the antenna . Such 
Further details of embodiments of a hybrid radio may be tuning may involve mechanical adjustment using motors or 
found in U.S. Pat . No. 9,572,163 . The adjustment of angle other methods or may be electronically tunable such as 
and azimuth during the superfine alignment determination 15 utilizing parasitic elements or phased array or beam - former 
may be based , in some embodiments , upon the detected techniques . It is intended that the maintenance mode 
power at the intended receiver and indications to a techni between Steps E - 5-80 and E - 5-90 will not terminate in some 
cian making adjustments to the transmitter's alignment . In embodiments but would operate continuously while the data 
such an embodiment , a scan of a series of receive or link is operating . 
transmission antenna settings may be used to search for the 20 Referring now to FIG . 6 , a block diagram of functional 
absolute peak of the antenna patterns . The determination of elements of an alignment - assisting device is shown for some 
the peck alignment , in some embodiments , is based upon embodiments of the current invention . Such functional ele 
direction of the signal by the alignment - assisting device . The ments may be physically integrated with a radio of the 
alignment assisting device may provide indication of the current invention while other embodiments such an align 
adjustments to be made , and current alignment settings , the 25 ment - assisting device may be external and mounted to the 
detected power levels at those settings and / or other link radio allowing for mechanical registration of the alignment 
parameter measurements to the technician , a remote server , assisting device to the radio . In other embodiments the 
a remote alignment - assisting device , and one or both of the functionality of the alignment - assisting device may be par 
smart phones involved in the communication link in various tially integrated and partially external to the radio . In yet 
embodiments . The recoding of the power levels or other link 30 further embodiments , some elements of an alignment - assist 
parameters and the associated alignment settings may be ing device embodiment may be integrated with the radio , 
recorded by one or more of the devices or servers , and a some may be physically mounted external to the radio so as 
determination of the peak alignment so as to prevent to be reusable or removable and replaceable , and yet other 
the technician from having to recorded such measurements elements may be not physically mounted to the radio at all , 
and positions in some embodiments . In other embodiments 35 but be comprised as part of a smart phone or other device 
the actual determination may be made by the technician , with some of the capability being provided as part of the 
utilizing the information from the scan process presented on alignment - assisting device functionality . 
a display of a device such as a smartphone . Such presenta Referring to FIG . 6 , a processor to execute software 
tion of the data may be processed and displayed in a form instructions in one embodiment is provided ( E - 6-10 ) , the 
different from that in which it was recoded . For example , the 40 processor having access to volatile memory ( random access 
order of the measurements , the indications of the values , or memory - RAM , for example ) E - 6-20 , and non - volatile 
the like may be made in a form intuitive for the user , rather memory E - 6-30 ( for instance flash memory in one embodi 
than in tabular and ordered form as the information was ment ) . 
recorded . For example “ heat maps ” may be presented show General - purpose input and output may be provided as 
ing a color indicating an alignment criteria value relative to 45 GPIO block E - 6-40 . Such GPIO may include interfaces to 
an X - axis or a Y - axis indicating angular settings in azimuth displays or LEDs or controls interfacing to the radio or alarm 
and elevation , in one embodiment . Other graphical or OA & M systems . Block E - 6-50 provides analog to digital 
numerical presentations are further contemplated . conversion and / or digital to analog conversion for interfac 

In one embodiment of E - 5-70 , once superfine alignment ing with voltage levels that may be used to control aspects 
is qualified based on the determination meeting a power 50 of the radio and / or its alignment of its directional antennas , 
level within a tolerance , and a maximum power level or to receive indications of received signal strength and / or 
relative to adjacent detected levels ( and potentially other other proper alignment metrics received as analog voltages 
criteria further qualifying the link and being acceptable ) , the and converted to digital through an analog - to - digital con 
operation proceeds to E - 5-80 where maintenance metrics are verter in some embodiments . 
monitored . In some embodiments the “ further criteria ” may 55 Block E - 6-60 is a radio interface that may be a serial port , 
include the determination of multipath signal being detected a bus , a USB or other digital interface or analog interface 
indicating structures within the Fresnel zone , the structural allowing for communication between the alignment - assist 
stability of the antennas based upon detected power levels , ing device and a radio . For instance such an interface may 
or sensors of the alignment assisting devices , or the like . allow for processor E - 6-10 to be in communication with a 
Similar metrics may be utilized in E - 5-80 where the main- 60 processor of a radio . 
tenance metrics are monitored . If maintenance metrics are Display E - 6-80 may be used to provide feedback to an 
satisfied then operation in maintenance mode will continue operator or a technician providing performance metrics such 
at E - 5-80 . Such metrics may include received power levels , as current data rate , received signal strength indication , the 
received signal noise ratios , supportable data rates , frame radio's identification information as well as the identifica 
error rates , bit error rates , or the like . Other metrics may 65 tion information of a peer radio with which a link has been 
include impulse response characteristics such as a single established , interference levels , indications of adjustments 
propagation path being detected versus multiple paths , or the to be made in azimuth , elevation , or other link parameters , 
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the current link parameters including the current angle of interfaces , the drivers or the motors themselves . Such 
azimuth and angle of elevation as well as a desired azimuth motors may be utilized in the process of course , fine or 
and elevation setting , or the like in various embodiments . superfine or all or any combination of such alignment 
Input from the user may further be received on the display processes . Feedback to perform adjustments may be deter 
for instance , using a touch screen display of E - 6-80 in some 5 mined by processor E - 6-10 . Processer E - 6-10 may be 
embodiments or a keyboard or switches or other buttons embedded within the radio , may be part of the radio inte 
may be included with such a display . GPIO of E - 6-40 may grally , may be external to the radio and mounted with an 
be utilized in conjunction with the display for user input and external alignment - assisting device , or some or all of the 
output . processing capability may be performed by a separate pro 

Positional encoder E - 6-70 may be utilized by processor 10 cessor such as that of a smart phone running an application 
E - 6-10 in some embodiments to determine the azimuth and installed on that smart phone for example an Android phone 
elevation settings currently set within the current configu running an Android application or an Apple phone running 
ration or may be used to determine an amount of angular or an iOS application or a iPad , computer or even a remote 
azimuthal change that has occurred during adjustments by a server such as a central server to perform off - loaded calcu 
technician or by motorized or other methods of adjustment 15 lations or control of one or more of the processes which 
so as to provide feedback to the control of such adjustments . would otherwise be performed by processor E - 6-10 . 
For instance , the technician or a programmable control loop Referring now to FIG . 7A a point - to - point radio with an 
may be controlled or instructed to make adjustments to the integrated parabolic reflector antenna is shown diagram 
positioning of the propagation direction of the directional matically as one example of an E - band radio having an 
antenna in various embodiments . 20 alignment - assisting device integrated within the housing of 

Accelerometer E - 6-90 may be utilized by processer E - 6 the radio itself as E - 7A - 10 integrated alignment - assisting 
10 in some embodiments to determine adjustments that are device / electronics . 
made in angle of azimuth or elevation during the installation Referring now to FIG . 7B the same E - band radio in the 
process . Further the accelerometer may be used as an current embodiment includes an internal alignment - assisting 
installation - qualifying metric to determine the amount of 25 device E - 7B - 20 and an external alignment - assisting device 
sway or twist of a structure and to determine if such structure E - 7B - 10 which together may comprise a complete align 
is mechanically rigid or not to maintain the link or if some ment - assisting device or may require further capabilities 
indication should be fed back to a technician or a monitoring from external processors or sensors as previously discussed 
authority that the tolerance of sway and / or twist or other in various embodiments . One reason for having split elec 
mechanical vibration has exceeded a target threshold . Such 30 tronics associated with alignment - assisting device might be 
qualification may be utilized associated with the alignment a requirement to have a highly accurate differential or 
qualification steps for instance of FIG . 5 , the qualifying surveying quality GPS receiver integrated in the external 
course alignment E - 5-30 , qualifying fine alignment E - 5-50 , alignment - assisting device which would not be required 
qualifying superfine alignment E - 5-70 , or the maintenance during continual operation but may be mountable to the 
metrics of E - 5-80 , any of which in various embodiments 35 antenna / radio during the installation process and be in 
may utilize input from any or all of the sensors associated communication with alignment - assisting device E - 7B - 20 . 
with FIG . 6 including the accelerometer E - 6-90 . Internal alignment - assisting device E - 7B - 20 in some 

An electronic compass is included in some embodiments embodiments would include the sensors and capabilities 
E - 6-100 so as to determine an absolute pointing vector in required for maintenance qualification but not require poten 
azimuth allowing for alignment . For example , course align- 40 tially expensive sensors and capabilities not required during 
ment of one or more of a local or remote point - to - point radio maintenance qualification during link operation . Such an 
in some embodiments may be made . A GPS receiver E - 6 external assisting device may be reused associated with 
110 may be included which may allow for the calculation of other installations . Such an external alignment - assisting 
a desired heading in azimuth between two defined points device may include data links to central servers or other 
( radio locations ) using known location of both of the radios 45 external or integrated alignment - assisting devices allowing 
to calculate an azimuthal and / or elevation angle of align for communication between the two , in some embodiments 
ment for each of the two radios so as to provide direction using the Internet protocol and encryption links and poten 
during the installation process . Such a GPS receiver may be tially using the Internet as an intermediary communication 
external for instance within a smart phone or separate network , either public or private Internets as specified in 
electronic device and interface to the alignment - assisting 50 RFC - 791 or the like . 
device so as to provide GPS location during installation and FIG . 7C is a depiction of an exemplary embodiment of a 
may be removed and reused elsewhere as part of an instal fixed point - to - point radio with an integrated parabolic 
lation equipment . The alignment - assisting device may fur reflector antenna and including an embodiment of an inte 
ther include a Wi - Fi or Bluetooth capability E - 6-120 in some grated alignment - assisting device ( I - AAD ) with an exem 
embodiments . Such an interface may be utilized to commu- 55 plary interface to a mobile wireless device . An integrated 
nicate with the GPS E - 6-110 or the electronic compass alignment - assisting device E - 7C - 10 is shown with a point 
E - 6-100 or any other sensors or capabilities including inter to - point radio , in one embodiment , with a communication 
facing to a cellular modem E - 6-130 . Such a cellular modem link E - 7C - 30 to a smart phone E - 7C - 20 in associated 
may be included within the alignment - assisting device , may embodiments . Other embodiments may provide for a higher 
be included integrated with the radio , external to the radio , 60 performance device being external and including cellular 
or as part of a separate cell phone or smart phone in communication capability . Some embodiments may include 
communication with the alignment - assisting device as a other sensors such as highly accurate GPS or other posi 
further capability . Such communication with the cellular tioning determination electronics such as Glonass or the 
modem may be performed by Wi - Fi or Bluetooth or by a like . In one embodiment a smart phone E - 7C - 20 may be 
wired connection such as Ethernet , wired networking E - 6- 65 used to provide Internet protocol access to public or private 
140 , or a USB interface . Servers or stepper motors may be networks allowing for interfacing with other servers or other 
interfaced by E - 6-150 or may comprise one or more of the alignment - assisting devices . 

Cobblestone Wireless LLC, Exhibit 2024 
Page 2024 - 54 

IPR2024-00707, Hewlett Packard Enterprise Co. v. Cobblestone, LLC



US 10,708,918 B2 
19 20 

FIG . 7D is a depiction of an exemplary embodiment of a embodiment . Other alternatives may be utilized as previ 
fixed point - to - point radio with an integrated parabolic ously discussed and elsewhere within the present application 
reflector antenna and including an embodiment of an exter in further embodiments . 
nal alignment - assisting device ( E - AAD ) . In one embodi Such a communication link E - 8A - 55 allows for the shar 
ment , an external alignment - assisting device is interfaced 5 ing of alignment - assisting device information between the 
with the radio , the radio having no integrated alignment two radios E - 8A - 20 and E - 8A - 10 . In some embodiments 
assisting device components . The external alignment - assist data associated with the radios , such as their location for use 
ing device E - 7D - 10 in various embodiments would com in calculating course alignment values , operating frequency 
prise any combination of the sensors and components / channels , for use in setting common operating channels , and 
capabilities associated with FIG . 6 or other embodiments 10 other configuration information may be communicated . 

Such configuration information may further include data rate discussed herein . information , modulation types , forward error correction FIG . 7E is a depiction of an exemplary embodiment of a ( FEC ) , encryption , security keys and the like . Further pro fixed point - to - point radio with an integrated parabolic visioning information is additionally contemplated as being 
reflector antenna and including an embodiment of an exter 15 provided to the radios either independently or in a coordi nal alignment - assisting device ( E - AAD ) with an exemplary nated fashion . 
interface to a mobile wireless device in communications Based upon known map coordinates or GPS measure 
with a cellular network . FIG . 7E provides an exemplary ments or other location measurements the course alignment , 
depiction of point - to - point radio interfaced with an align azimuth and elevation may be calculated by one or both of 
ment - assisting device E - 7E - 10 , a data link E - 7E - 20 to smart 20 the alignment - assisting device processors , by one or both of 
phone in one embodiment E - 7E - 30 . The link E - 7E - 20 may the smart phones , or by a separate processor entirely either 
be Bluetooth , Wi - Fi , USB wired or any other means of remotely or distributed across plurality of sub - processors . 
communication between the two devices . Wireless link Further link E - 8A - 55 may be used to communicate trans 
E - 7E - 40 in the current embodiment is envisioned to be mitted power levels and modes of operation during instal 
comprised of one or more of GSM , GPRS , 1xEV - DO , 25 lation between the two radios including parameters to con 
CDMA , WCDMA , HSUPA , HSDPA , LTE , Wi - Max , or figure such modes such as the use of a specific bandwidth 
other 2G , 3G , 4G , 56 data capability . Such a data capability and frequency , signals to be transmitted and detected such as 
may further be utilized to allow for communication of specific Zadoff - Chu channel codes , base codes , code shifts , 
information associated with the alignment - assisting device and scrambling information including encryption keys and 
of two respective peer radios of a point - to - point link or in 30 times of activity . 
other embodiments a plurality of radios in a point - to - multi In some embodiments the blooming process of related 
point link . Such capability may further be utilized associated applications such as the self - organizing back - call radios 
with disclosures associated with the self - organizing back ( SOBR ) , U.S. patent application Ser . No. 14 / 624,365 , pre 

viously incorporated , may be provided as well as any and all haul radio ( SOBR ) capabilities of U.S. patent application 35 techniques associated with SOBR and related applications Ser . No. 14 / 624,365 by the same inventors of the present included herein by reference . inventions and incorporated herein by reference , in its In one embodiment the performance of course alignment , entirety . Cellular tower E - 70-50 would comprise a cellular fine alignment and superfine alignment and the associated 
base station , a BTS , a NodeB , or an eNodeB ( or the like ) and waveforms and operation of each radio may be controlled or 
associated electronics and backhaul data interfaces as is 40 coordinated via link E - 8A - 55 . The alignment quality criteria 
known in the industry to connect to a core network of a may be measured and data fed back associated with satis 
cellular operator or to other data networks and allowing for fying associated metrics over link E - 8A - 55 as well . 
connectivity to a packet data network including public or In one embodiment the authentication of a peer radio as 
private Internets . being an authentic an radio may be performed by transmit 

FIG . 8A is an exemplary illustration of the use of cellular 45 ting varying power levels , varying information , one - time use 
devices to facilitate a communications link for use in codes or the like over a primary link during one or more 
embodiments of the initial alignment and configuration modes of the installation process and fed back over the 
procedures in some embodiments . FIG . 8A depicts aspects out - of - band channel E - 8A - 55 to satisfy the question of 
of embodiments of the present invention showing two authenticity of one peer radio relative to the first and vice 
towers E - 8A - 25 and E - 8A - 15 . Within the current embodi- 50 versa . 
ment , point - to - point radios respectively E - 8A - 20 and E - 8A FIG . 8B is an exemplary illustration of the use of cellular 
10 , each having a parabolic reflector antenna in one embodi devices to facilitate a communication link for use in embodi 
ment , said radios being peers in a desired point - to - point ments of the initial alignment and configuration procedures 
line - of - sight radio link in the current embodiment . In the including the use of a remote server in some embodiments . 
present embodiment smart phones E - 8A - 60 and E - 8A - 50 are 55 Additional logical communication links E - 8B - 10 and E - 8B 
respectively in communication with alignment - assisting 20 are provided to a remote server which allows for the 
devices integrated with radios E - 8A - 20 and E - 8A - 10 respec control of the radios in one embodiment , allows for perfor 
tively . In one embodiment , communications between the mance of calculations remotely in other embodiments , and 
two smart phones are performed utilizing logical link E - 8A allows for provisioning in yet further embodiments in any 
55 performed utilizing , in the present embodiment , the 60 and all approaches discussed herein . 
cellular network depicted in the diagram . The cellular net FIG . 9A is a diagram of an exemplary embodiment of a 
work provides such communication utilizing a cellular link point - to - point link utilizing two backhaul radios having 
as previously described E - 8A - 75 to a cellular base station . fixed high gain antennas wherein alignment is suboptimal 
Said cellular base station utilizes a backhaul data link based upon an exemplary " course alignment ” procedure . 
E - 8A - 85 to a core network E - 8A - 90 to a further backhaul 65 Referring now to FIG . 9A , a diagram of an exemplary 
network E - 8A - 80 to cellular base station providing cellular embodiment of a point - to - point link is depicted utilizing two 
link E - 8A - 70 to smart phone E - 8A - 50 in the present backhaul radios having fixed high gain antennas wherein the 
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alignment is suboptimal based upon an exemplary coarse upon a goal of getting coarse alignment to within the 
alignment procedure but is sufficient relative to a course 14 - degree beamwidth of the 5.8 GHz antenna characteris 
alignment criteria in one embodiment . The coarse alignment tics . The same situation is apparent associated with radio 
procedure , in some embodiments , is one step associated with E - 9A - 20 as the beamwidth E - 9A - 40 ( also not to scale ) is not 
embodiments of FIG . 5 and more specifically Step E - 5-20 5 ideally aligned with point - to - point link E - 9A - 50 . Therefore 
and associated Step E - 5-30 . The point - to - point radios in one the coarse alignment has achieved , in one embodiment , 
embodiment are labeled E - 9A - 10 and an associated peer alignment within the 15 dB beamwidth of the 5.8 GHz signal 
point - to - point radio E - 9A - 20 . Each of the two point - to - point ( within 14 degrees ) which would allow performance of fine 
radios having a high - gain antenna in one embodiment in alignment as discussed previously and utilizing a 5.8 GHz 
which multiple beam widths are utilized . For example where 10 signal and proportionally wider beamwidth to be detected 
an ISM band 5.8 GHz alignment is utilized to perform fine for use in the fine alignment process . Following the coarse 
alignment following the coarse alignment procedure as alignment , a fine alignment may be performed utilizing the 
described in FIG . 5. In specific embodiments , the coarse detection of the 5.8 GHz signal in various embodiments so 
alignment would be made using latitude and longitude as to subsequently align to within the main beamwidth of the 
information associated with the location of the two point- 15 80 GHz signal having a 3 dB beamwidth of 0.5 degrees , or 
to - point radios derived from a map or from GPS or other a 15 dB beamwidth of 1 degree . Such a beamwidth within 
information . In such an embodiment in which multiple beam a 15 dB beamwidth ( 1 degree ) would be able to be detected 
widths are utilized . The beamwidth may be determined by over a larger angular alignment . Therefore in one embodi 
operation of a parabolic dish at an ISM band resulting in a ment the goal of the fine alignment would be to align within 
higher beam width antenna and then subsequently at the 20 a 15 dB beamwidth of the 80 GHz point - to - point radio 
desired operational frequency such as V - band or E - band antenna beamwidth so as to allow superfine alignment at 80 
wherein the same parabolic antenna is utilized but having a GHz frequency operations . Other embodiments may allow 
resulting larger effective aperture size relative to the opera for modification of the beamwidth by parasitic antennas , 
tional wavelength . As discussed the 3 dB beam width of a beam forming , phased array , sub - array or other antenna 
parabolic reflector antenna is dependent upon the opera- 25 arrangements as discussed elsewhere within this application , 
tional wavelength as well as the diameter . If the physical or related applications such as U.S. Pat . No. 9,572,163 . In 
diameter remains constant and the wavelength is reduced other embodiments a modification of the beamwidth may be 
then the effect of aperture in wavelengths is significantly performed at the same frequency and not requiring a hybrid 
larger resulting in a narrower beamwidth . Such a relation radio or multi - frequency operation for the alignment proce 
ship can be seen associated with Equation E - 1C as depicted 30 dure . Such embodiments are described associated with 
in FIG . 1C approximation for the beam width of parabolic FIGS . E - 10C , E - 10D , E - 13 , E - 20A , E - 20B , and elsewhere . 
dish antenna . The numerator contains à ( wavelength ) and FIG . 10A is a depiction of an exemplary embodiment of 
the denominator contains D ( the diameter of the parabolic a fixed point - to - point radio with an integrated parabolic 
dish antenna ) . As à deceases so does the resulting 3 dB reflector antenna and including an embodiment of one or 
beamwidth . The relative beamwidths will be proportional to 35 more ISM band auxiliary antenna ( s ) with central focal point 
the relative difference in operational wavelengths . For alignment for use with one or more embodiments of the 
example two different signals being transmitted from the current invention . 
same parabolic dish one having twice the wavelength of the Referring now to FIG . 10A , in one embodiment , is an 
other would have twice the effective 3 dB beamwidth , E - band point - to - point radio with an integrated parabolic 
respectively . 40 antenna as discussed elsewhere in this application , but with 

In one more typical example , an E - band signal having 80 the addition of a dielectric supporting structure which may 
GHz frequency operation having 1 degree 3 dB beamwidth be a radome E - 10A - 30 and further central 5 GHz antenna 
would have a corresponding a beamwidth of 13.8 degrees E - 10A - 10 . The perimeter of the parabolic antenna is 
when operated at 5.8 GHz , using the same parabolic reflec depicted in a frontal view as E - 10A - 20 and showing the 
tor . In one embodiment the 5.8 GHz signal would is desig- 45 center 5 GHz antenna E - 10A - 10 . Antenna E - 10A - 10 may be 
nated by the dash lines E - 9A - 30 and E - 9A - 40 ( not to scale ) a cavity - backed patch antenna that radiates toward the 
relative to the ideal alignment between Radio E - 9A - 10 and reflector . It may also be polarized so as to have horizontal 
E - 9A - 20 , indicated by dotted line E - 9A - 50 signifying the and vertical transmission feeds allowing for the transmission 
point - to - point link between the two radios . of differing signals or the same signal in various embodi 

FIG . 9B depicts an exemplary plot of normalized antenna 50 ments . It may also be a composite antenna having more than 
gain plots for embodiments of an exemplary hybrid back one antenna element allowing for the transmission of offset 
haul radio depicting the main antenna lobes of each of a signals from the central axis within an integrated antenna 
plurality antenna patterns having differing main beam array package . Such offsets from the central axis would 
widths . For example , an E - band radio using a parabolic dish result in an offset radiation pattern and a relative phase 
antenna having a 3 dB beamwidth of 0.5 degrees indicated 55 difference between each of the transmitted signals depend 
by the solid line , E - 9B - 40 would have a proportionally wider ing upon the angle of the main reflector relative to detecting 
3 dB beamwidth utilizing the same parabolic reflector receiver . The placement of antenna E - 10A - 10 is aligned with 
antenna when operating at 5.8 GHz resulting in a 3 dB sub - reflector as indicated in FIG . 10A . The sub - reflector for 
beamwidth of 7.2 degrees as indicated by E - 9B - 20 and the the E - band antenna receives transmissions from a feed horn 
antenna pattern E - 9B - 15 . Furthermore , a 15 dB beamwidth 60 that then reflects signal back toward the main reflector . 
for the 5.8 GHz antenna pattern would be indicated by Therefore a shadowing effect along the axis to the left would 
E - 9B - 30 as having a beamwidth of 14 degrees . occur . As a result , antenna E - 10A - 10 radiating toward the 

Referring back to FIG . 9A one can see that radio E - 9A - 10 reflector would be in a “ blind spot to the transmitting 
is misaligned relative to its ideal point - to - point link E - 9A - 50 E - band operation and would not interfere in some embodi 
based upon the nonsymmetrical nature of the dash lines ( not 65 ments with the operation of the E - band antenna due to a 
to scale ) associated with the beamwidth indicated by E - 9A radio - frequency shadowing effect . Likewise , antenna 
30. Such coarse alignment in one embodiment being based E - 10A - 10 may be constructed so as to have an antenna beam 

Cobblestone Wireless LLC, Exhibit 2024 
Page 2024 - 56 

IPR2024-00707, Hewlett Packard Enterprise Co. v. Cobblestone, LLC



5 

US 10,708,918 B2 
23 24 

pattern in which less signal is transmitted axially and more of the bore sight Y - axis resulting in a broader beam pattern 
signal is transmitted so as to avoid transmission at the and offset to the right of the bore sight pattern . 
sub - reflector and allow for transmission toward the main FIG . 10B - 6 is a depiction of an exemplary placement of 
reflector in terms of the antenna pattern of the 5 GHz one or more auxiliary antenna ( s ) relative to the on - axis focal 
antenna pattern . Such an arrangement would allow for a point of a parabolic reflector antenna with alignment off - axis 
convenient method of utilizing both a 5 GHz transmitter / and closer than the focus for use with one or more embodi 
receiver and the E - band 80 GHz transmitter receiver opera ments of the current invention . FIG . 10B - 6 has moved the 
tion which may be performed individually or may be per ancillary transmitter element E - 10B - 20 closer than the focal 
formed at the same time . When performed individually such point and to the right causing the radiation pattern to be operation may be utilized only for installation purposes in 10 offset to the left and to be broadened relative to the beam one embodiment while in other embodiments it may be 
utilized jointly for ongoing maintenance alignment opera width transmitted from the focal point itself . As mentioned 
tion or for the coordination with other point - to - point links . these elements may be used individually or may be used in 
For instance , such coordination may aid to assess the poten combination to allow for tuning of the antenna beam pattern 
tial for interference of an E - band or V - band link . resulting in the ability to detect separate signals from each 

FIG . 10B - 1 is a depiction of an exemplary placement of transmitter or each position of the antenna allowing for a 
one or more auxiliary antenna ( s ) relative to the on - axis focal determination of the alignment of the transmitting antenna 
point of a parabolic reflector antenna with alignment on - axis relative to the intended receiver . The specific types of 
but further from focus for use with one or more embodi waveforms to be transmitted in some embodiments may be 
ments of the current invention . 20 a standard point - to - point link signal where detection may be 

Referring now to FIGS . E - 10 , B - 1 through E - 10B - 6 the performed based preambles or other known sequences or 
placement of an ancillary transmitter ( in one embodiment may be a specific alignment signal such as that of CAZAC , 
for 5 GHz ) is depicted in various configurations . Such PN , Walsh , Zadoff - Chu code or other sequence which will 
configurations may be used individually or jointly in com be discussed further associated with subsequent figures in 
binations of these figures . Referring specifically to FIG . 25 this disclosure . 
10B - 1 reflector E - 10B - 10 is utilized by antenna E - 10B - 20 An alternative antenna structure will now be discussed , in 
where specifically in FIG . 10B - 1 the location of the ancillary which alternative radiation patterns are achieved from mul 
antenna is outside or further from the reflector than the focal tiple elements , having a plurality of antenna pattern main 
point . By moving the location of the antenna beyond the lobe widths . Referring to FIG . 10C , a multiple element array 
focal point it will cause a “ defocusing ” of the resulting 30 antenna is depicted , having four antenna apertures . Each 
antenna pattern utilizing the reflector . As a result , the relative aperture may be implemented as one or more individual 
antenna beamwidth would be modified to be wider than elements comprising the overall radiating individual radiat 
would otherwise be the case in the far field of the antenna . ing structure referred herein as an aperture . The upper half 

FIG . 10B - 2 is a depiction of an exemplary placement of of the array comprises a narrow beam width antenna aper 
one or more auxiliary antenna ( s ) relative to the on - axis focal 35 ture TXy ( E - 10C - 10 ) used for transmission in the present 
point of a parabolic reflector antenna with alignment on - axis embodiment , and a wider beam width antenna aperture RX , 
but closer than the focus for use with one or more embodi ( E - 10C - 20 ) , utilized for reception in the current embodiment 
ments of the current invention . A similar condition exists in one configuration . An isolating dielectric area E - 10C - 60 
associated with FIG . 10B - 2 where the antenna E - 10B - 20 is separates the two radiating structures . It should be noted , the 
moved closer than the focal point to reflector E - 10B - 10 . This 40 beamwidths of the various antennas are inversely propor 
too would result in a broader beamwidth for the signal tional to the each antenna aperture size , for a given radiating 
propagating from transmitter E 10B - 20 . radio frequency signal . Such a relationship was discussed 

FIG . 10B - 3 is a depiction of an exemplary placement of associated with EQ . E - 1C of FIG . 1C for a parabolic dish 
one or more auxiliary antenna ( s ) relative to the on - axis focal antenna . A similar principle applies in the current discussion 
point of a parabolic reflector antenna with alignment off - axis 45 for non - circular radiating apertures as well . For example , for 
but equidistant with the focus for use with one or more a rectangular aperture having a dimension with a more 
embodiments of the current invention . Referring to FIG . narrow length will have a wider angular radiating pattern as 
10B - 3 in this instance antenna E - 10B - 20 is offset from the compared to a wider dimension of the rectangle , with all 
bore sight Y axis relative to reflector E - 10B - 10 which would other factors held constant . Similarly , a larger dimensioned 
cause the signal pattern to be offset from the axis moving the 50 aperture ( a rectangle in the current embodiment ) will have a 
peak radiation to the right of the Y axis . narrower radiating pattern than a smaller but proportional 

FIG . 10B - 4 is an alternative depiction of an exemplary radiating rectangular aperture . Given RXy fits within the 
placement of one or more auxiliary antenna ( s ) relative to the area of TXy , RXw will have a wider radiating main lobe 
on - axis focal point of a parabolic reflector antenna with beam width . The area " missing ” from TXy occupied by 
alignment off - axis but equidistant with the focus for use with 55 RXw will cause a reduction in the over gain of the element , 
one or more embodiments of the current invention . but generally not significantly the beam width of the main 

FIG . 10B - 4 would have the ancillary transmitting element radiating pattern . That is not to say the pattern , in some 
E 10B - 20 offset to the right of the Y - axis causing the peak implementations will not be effected . Side lobe radiation 
radiation of the antenna pattern to be offset to the left of the energy , in some embodiments , may be increased and 
Y - axis . 60 account for a reduction in peak radiation of the main radio 
FIG . 10B - 5 is a depiction of an exemplary placement of pattern . 

one or more auxiliary antenna ( s ) relative to the on - axis focal The lower half of the antenna away includes a narrow 
point of a parabolic reflector antenna with alignment off - axis beam width antenna aperture E - 10C - 50 ( RXy ) and within its 
and further than the focus for use with one or more embodi area , a wider beam width transmit antenna aperture E - 10C 
ments of the current invention . 65 70 ( TXw ) with isolating region E - 10C - 40 . 

FIG . 10B - 5 has placed the ancillary antenna element both In other embodiments the narrow and wide beamwidth 
further than the focal point of the antenna and also to the left antenna apertures may be separated such the smaller area 
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wide beamwidth patterns are adjacent to the narrow beam When it is required that the wider beamwidth antenna 
width apertures rather than contained within as depicted in patterns are utilized , the transmit signals would utilize 
FIG . 10C . quadrature up converter E - 10D - 42 of E - 10D - 45 ( BGT2 ) , 

In some embodiments , the selection of either the wide or optional band pass filter E10D - 35 , and optional power 
narrow patterns for either reception or transmission may be 5 amplifier E - 10D - 25 coupled to antenna E - 10D - 10 , which in 
selected using the depicted antenna arrangement . In other the current embodiment is TXw . 
embodiments , only wide or narrow patterns may be selected Likewise the wide beamwidth reception antenna structure 
jointly for transmit and receive simultaneously . RXw would be utilized in the current embodiment , passing 

For example , referring to FIG . 10 - D , an arrangement of signal to optional low noise amplifier E - 10D - 50 , optional 
receive and transmit chains coupled to respective antenna 10 band pass filter E - 10D - 60 , and quadrature downconverter 
elements E - 10D - 10 is depicted . E - 10D - 44 of BGT1 , producing RX1,0 

In one embodiment , transceivers BGT , ( E - 10D - 40 ) and Other embodiments may utilize alternative arrangements , 
BGT2 ( E - 10D - 45 ) are each usable for either up - conversion for example allowing simultaneous use of the narrow and 
for transmission , or down - conversion for reception but not wide beam width antenna , with no limitation of full or half 
both at any one time . For example , in some embodiments the 15 duplex components . 
term BGT represents a “ Single - Chip SiGe Transceiver Chip It is contemplated that the wider beam width antenna 
set for V - band Backhaul Applications from 57 to 64 GHz ” radiation patterns may be utilized for course alignment 
produced by Infineon as part number “ BGT60 ” ( See http : // procedures , while the more narrow beam width antenna 
www.infineon.com/dgdl/Infineon-AN-V01_00 elements may be utilized during a fine alignment procedure , 
NA.pdf ? fileId = 5546d4624ad04ef9014aed1c06120a5e . Note 20 as described in various embodiments and flowcharted in this 
that in some embodiments the up - conversion is a direct disclosure . 
conversion architecture where a baseband in - phase ( I ) and It is further contemplated that the wider beamwidth 
quadrature - phase ( Q ) signal is converted to an RF carrier radiation pattern may be utilized as a “ fall back ” operation 
frequency such as those of the 60 GHz band . In other mode , if during operation the narrow patterns become mis 
embodiments , an intermediate frequency ( IF ) may be uti- 25 aligned , or it is not possible to otherwise alignment suffi 
lized and then upconverted to an RF carrier frequency such ciently . One such a scenario may be in the case of excessive 
as those of the 60 GHz band . Similarly , either direct con mechanical vibration , rotation , or sway . In other embodi 
version or heterodyne conversion via an intermediate fre ments , the wider beamwidth radiation pattern may be uti 
quency ( IF ) may be utilized in the receive direction . lized with initial installations only . 

In the current embodiment , while BGT , is used for 30 Referring now to FIG . 11A an alignment transmitter is 
reception , BGT , is used for transmission , and vice - versa . In depicted showing an antenna E - 11A - 10 , an amplifier E - 11A 
such an arrangement , a narrow receive antenna pattern RX 20 , and the up - converter modulator itself E - 11A - 30 . This 

the same time as a narrow transmission radio may be the main point - to - point radio itself or may be 
pattern antenna TXy . For example , the transmit signal a secondary radio utilized for alignment and or maintenance 
( comprising two signals , such as an in phase and quadrature 35 detection such as an in - band embedded code sequence , as 
signal ) TX1,9 is fed to quadrature up converter E - 10D - 42 of discussed in U.S. patent application Ser . No. 14 / 624,365 
BGT ( E - 10D - 40 ) and using local oscillator signal E - 10D ( SOBR ) , incorporated herein by reference . Such a transmit 
46 of E - 10D - 40 . The output of the up conversion is option ter may be operated alone during initial alignment in some 
ally filtered using optional band pass filter E - 10D - 30 , and embodiments . Then as an embedded in - band signal at sig 
optionally amplified using optional amplifier E - 10D - 20 , and 40 nificantly lower power levels than a desired payload - bearing 
coupled to transmit antenna TXy . Each antenna E - 10D - 10 signal utilized by the point - to - point link . In some embodi 
may be , in different embodiments , any one of the aforemen ments , the alignment transmitter may be utilized at the same 
tioned antenna apertures . In the current embodiment wide frequency as the main link or may be utilized at a different 
beamwidth reception antenna RXw would not be utilized frequency . For example , the alignment transmitter may be 
concurrently with TXy as a particular one of BGT , or BGT2 45 5.8 GHz while the point - to - point link itself bearing payload 
operates as either a up converter or a down converter at any may be the 80 GHz E - band or the 60 GHz V - band . Alter 
given time ( even if the overall radio operates in full duplex ) . natively , both may be E - band or V - band signals and operate 
In the current arrangement , BGT2 would be configured to jointly or separately . Furthermore , the alignment transmitter 
receive while BGT , is configured to transmit , thus allowing may operate at different frequencies at different times such 
for full duplex operation using such components developed so as initially operating at 2.4 GHz , then at 5 GHz , then at 
for time division duplexing . V - band or E - band subsequently or any combination thereof . 

Continuing with the current embodiment , while TXy is FIG . 11B is an exemplary embodiment of an alignment 
transmitting , RXy would be operating and coupling receive waveform utilizing Zadoff - Chu codes ( ZC Code ) in one 
signal to optional low noise amplifier E - 10D - 55 , optional embodiment . 
band pass filter E - 10D - 65 , and to quadrature downconverter 55 Referring now to FIG . 11B is a Zadoff - Chu sequence 
E - 10D - 44 of BGT2 ( E - 10D - 45 ) . A local oscillator signal E - 11B - 10 is repeated which may comprise , in some embodi 
E - 10D - 46 is used for down converting the received signal ments , an alignment signal . Such alignment signals may be 
( in quadrature in the depicted exemplary embodiment ) to detected at a receiver and the power of the received signal 

It should be noted that for full duplex operation , the may be utilized based upon azimuth and elevation adjust 
two local oscillator signals feed to each BGT , and BGT2 are 60 ments of the transmitters parabolic antenna or an antenna 
generally not the same , and are offset be the frequency array to determine the alignment of the transmitter relative 
duplex separation . However , in some embodiments , such as to the intended receiver . In other embodiments a phase of the 
versions of “ Zero Division Duplexing ” the frequency signal may be utilized to determine such alignment . A single 
duplexing separation may be eliminated . Further detail of receiver and single transmitter pair may be utilized to 
Zero Division Duplexing may be found in U.S. patent 65 perform such alignments based upon multiple positioning of 
application Ser . No. 14 / 572,725 , the entirety of which is the point - to - point radio where these multiple " positionings ” 
incorporated herein by reference . would be measured for example in one embodiment by an 

may be used 

1 

RX1,0 
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accelerometer or positional encoder and fed back to an E - 12-10 . Once a tolerance such as 0.25 dB is achieved then 
operator technician during installation where an alignment operation would be satisfied for fine alignment and E - band 
assisting device provides guidance to the technician to make signal would be operated and a steepest ascent algorithm 
adjustments in azimuth and elevation so as to measure a performed at E - band to maximize alignment of the E - band 
gradient of the antenna beam pattern at one or more fre- 5 antenna pattern labeled E - 12-50 with a similar tolerance for 
quencies of operation so as to predict across a main lobe of example of 0.25 dB of a predicted maximum measured 
the antenna radiation pattern where the bore sight alignment power level or of an achievable power level based upon a 
would be and then provide guidance to the technician as to gradient search . A gradient search may be performed 
what adjustments to make in angle of elevation and the angle mechanically or may be performed based on an alignment 
of azimuth so as to align the transmitter appropriately . 10 assisting device providing input to a technician who adjusts 

In other embodiments such adjustments may be made alignment settings utilizing worm screws so as to tweak the 
based upon received signals rather than transmitted signals . azimuth and elevation based upon , in some embodiments , 
In further embodiments a plurality of transmitters or receiv direction from the alignment - assisting device . 
ers may be used to make measurements of the relative signal In alternative embodiments , the FIG . 12 may represent 
phases to make more direct measurements of alignment and 15 antenna patterns at the same frequency of operation by 
misalignment as opposed to measuring received power utilizing two separate antennas or antenna configurations . In 
levels and adjusting signal based upon the measured power some embodiments , the forgoing description may be applied 
differences fitting to the gradient of the antenna pattern . to a single radio switched between configurations . In other 

In some embodiments mechanical vibration for incremen embodiments , the forgoing description applies to a single 
tal offsets in azimuth or elevation may be made utilizing 20 frequency or frequency band , utilizing multiple transceivers , 
electrical components such as positioning motors or vibra with multiple antennas . One example is described in 
tion - inducing mechanisms so as to allow for a measurement embodiments of FIG . 10 - C and embodiments of FIG . 10 - D . 
of the gradient at any particular angle and azimuth position In one embodiment , simultaneous detection ( or near 
then providing feedback to the operator of the direction to simultaneous detection ) may be used at a single frequency , 
make adjustments in angle and or azimuth so as to follow the 25 but utilizing multiple antenna patterns , and multiple 
steepest ascent toward maximum power to be received at the orthogonal or uncorrelated codes , ( or other CDMA 
intended receiver based upon adjusting the alignment of the approaches ) to detected the signal powers received by each 
transmitting directional antenna . antenna pattern ( or transmitted from each antenna pattern ) to 

In some embodiments this may be a parabolic antenna a common receiver . Such an embodiment allow for a relative 
element utilizing a reflector while in other embodiments it 30 signal strength measurement between the signals associated 
may be an antenna array , while in other embodiments it may with each pattern . In some embodiments , the same signal 
be a beam former , phased array or other directional antenna may be detected by one or more receivers associated with 
system as disclosed elsewhere in this disclosure and related each of the antenna patterns , based upon each receiver being 
incorporated disclosures . associated with a separate antenna patterns , or a single 

FIG . 12 depicts exemplary normalized antenna gain plots 35 receiver alternated between the antenna patterns . 
for embodiments of a hybrid backhaul radio depicting the In some embodiments , a comparison of the relative signal 
main antenna lobes of each of a plurality of antenna patterns power receiver associated with each antenna pattern may be 
having differing main beam widths and including exemplary utilized to air in alignment during course , fine and / or super 
measurements for use in alignment and alignment qualifi fine alignment procedures . Such a relative measurement 
cation . Referring to FIG . 12 , in one embodiment successive 40 may be utilized to indicate if a signal is being received 
measurements based upon a steepest “ ascent ” ( or “ descent " ) utilizing the main lobe of narrow pattern ( E - 12-50 ) , for 
algorithm are made during operation at 5 GHz associated example within +0.25 degrees in both azimuth and elevation 
with antenna pattern E - 12-40 . One can see that a first of the ideal alignment so as to be aligned within the main 
measurement “ Measurement A ” may be made at location lobe of the narrow antenna pattern . Further , the signal 
E - 12-30 resulting in a -9 dB signal level relative to the peak 45 strength received utilizing the wider pattern ( E - 12-40 ) 
achievable power . “ Measurement B ” is the current example would be less then +15 dB larger than that of the signal 
is made at 4 degrees from the bore sight measurement , and received utilizing the narrow pattern ( E - 12-50 ) when aligned 
results in -4 dB from the peak power achievable at E - 12-10 . within 20.4 degree alignment of the main lobe of the narrow 
It should be noted that in practice , the values measured at pattern . Additionally , when a signal from the wider pattern 
these points would be actual signal levels generally mea- 50 is more than 15 or 20 dB larger then that of the narrow 
sured in dBm or another unit of received signal strength . pattern , it can be determined that alignment is significantly 
Such measurements may be used associated with the quali off , and likely associated with a side lobe of the narrow 
fication of the fine alignment and , in some embodiments , pattern . Gradient searches around a given alignment may 
based upon achieving within +0.5 degrees in both azimuth provide further information for use in estimating a current 
and elevation of the ideal alignment so as to be aligned 55 alignment , based upon the local antenna pattern gradients 
within the main lobe of the E - band signal . If utilizing a for each of the narrow and wide patterns when detecting a 
power gradient approach ( steepest descent for example ) for common signal . Further , in some embodiments , least mean 
the fine alignment process , measurements to achieve such an square ( LMS ) fit to between the local ( current alignment ) 
alignment must be within a 0.25 dB tolerance of the peak gradients ( slightly and / or significantly adjusted measure 
receivable signal level at perfect alignment . Such an align- 60 ments in azimuth and / or elevation ) to known antenna values 
ment would ensure that when super fine alignments were of the narrow and wide antenna patterns , thus determining 
performed utilizing the E - Band signal , the received signal an estimated current alignment and input into an estimate of 
would be within 15 dB of the peak achievable power of the proposed improved alignment settings . Such settings may be 
main E - band signal . Therefore alignment of the 5 GHz band provided to an operator to make the proposed adjustments , 
signal in the present embodiment would require alignment to 65 or provided to an automated capability . 
within better than a quarter of a dB for example of the peak FIG . 13 is an exemplary flow diagram of an embodiment 
power of the 5 GHz radiation pattern which would be at of a point to point radio antenna alignment procedure for use 

Cobblestone Wireless LLC, Exhibit 2024 
Page 2024 - 59 

IPR2024-00707, Hewlett Packard Enterprise Co. v. Cobblestone, LLC



US 10,708,918 B2 
29 30 

in initial alignment utilizing an alignment assisting device If such a goal is not achieved then processing proceeds to 
and one or more frequencies and beam widths for alignment E - 13-110 where if n is greater than 1 ( meaning that more 
measurements . Referring now to FIG . 13 , in a more specific than one measurement has been made ) the algorithm then 
example , the process is begun in Step E - 13-10 , which in will provide an estimate for a new alignment position based 
some embodiments includes initial settings and mounting of 5 upon a determined gradient . In other embodiments , a spe 
the equipment including initial provisioning . Following ini cific value of n must be achieved prior to an estimate being 
tialization the process proceeds to Step E - 13-20 where a determined ( for example n = N ) . Such a gradient is deter 
GPS receiver is used associated with each device , in one mined in some embodiments based at least in part upon one 
embodiment , to input coordinates to provide instructions for or more of the position encoder , electronic compass , an 
coarse alignment for example within plus or minus 8 degrees 10 accelerometer and the relative measurements and angular 
in azimuth and elevation . Following this step the process positions and relative power levels between those two 
proceeds to E - 1B - 30 where configuration of the initial positions resulting in a prediction of a further adjustment in 
frequency channel and antenna beam width ( radiation pat angle and azimuth so as to increase a detected power level 
tern main lobe width ) is performed so that the current based upon following the “ slope ” of the detected power in 
frequency and beam width is equal to initial frequency and 15 angle and azimuth adjustments . Such a processing step in 
associated beam width . some embodiments may provide instructions to a technician 
Next a determination is made whether the antenna has for a second position in degrees or adjustment in angle and 

been positioned appropriately in Step E - 13-40 and signal is azimuth . When only a single measurement has been made at 
transmitted , if it has been positioned appropriately in Step a particular location , further measurements in some embodi 
E - 13-50 . If it has not been positioned appropriately then 20 ments must be made allowing a refinement of a gradient 
operation continues in E - 13-40 . Such assessment of the value . 
positioning may be based upon an electronic compass , In other embodiments when a sufficient gradient has not 
positional encoder , accelerometer or other inputs such as a been determined the process will provide instructions to a 
manual determination of such alignment through an optical technician to make adjustments to allow for the determina 
alignment scope and subsequent input to the alignment- 25 tion of a gradient prior to producing a predicted azimuth and 
assisting devices in various embodiments . elevation adjustment which will allow for maximization of 
As mentioned , once antennas are deemed to be in position received signal power in a next step associated with a 

within for example plus or minus 8 degrees the ideal steepest descent ( or assent ) algorithm or other gradient 
alignment , signal is transmitted ( for example the Zadoff - Chu based algorithm . In one embodiment , instructions to a 
sequences previously discussed , or other signals ) in Step 30 technician for angle and azimuth adjustments processing 
E - 13-50 . Next processing proceeds to E - 13-70 where a will return to Step E - 13-40 where a determination as to 
determination if signal has been detected at the target whether the antennas have been positioned as instructed is 
receiver based upon feedback is made . The feedback may be determined . Such a determination , in embodi nts , may be 
provided either manually or utilizing communication links based upon an accelerometer or positional encoder or elec 
between alignment - assisting devices as discussed . If no 35 tronic compass in combination or alone determining whether 
signal is detected , realignment must be performed in Step or not the appropriate adjustments have been made by the 
E - 13-60 and the antenna positioning tests of E - 13-40 technician and qualified by the electronic sensors and the 
repeated . If signal is detected at the target receiver then alignment - assisting device . In other embodiments , stepper 
processing proceeds to Step E - 13-80 where measurements motors or other positioning electronics may be used in lieu 
of the alignment signals are performed and values associated 40 of a technician's input or and yet further embodiments the 
with them are stored for a particular measurement . The technician's adjustment themselves may be utilized in con 
measurements are numbered from 1 through N where N is junction with the positional sensors to determine when to 
the iteration of the measurement number . Such a measure instruct a receiver to make further measurements or for 
ment number is utilized to derive a particular gradient or instruction to the technician to stop adjusting the antenna . In 
determination of where within a main lobe , and associated 45 such an embodiment , a technician may be instructed to begin 
gradient a particular angle and azimuth is located . Next , a turning an adjustment screw until told to stop . 
determination of whether an alignment goal has been In yet further embodiments measurements may be made 
achieved is performed in Step E - 13-90 . Such an alignment fast enough that detections of received signal levels on an 
goal may be the detected peak power or other qualification intended receiver may be made while a technician is making 
such as signal to noise ratio , signal to interference ratio or 50 positional adjustments in azimuth or elevation allowing for 
the like . However , it is anticipated in at least one embodi plurality of measurements made at an associated and respec 
ment , the received power or a predicted received power tive plurality of positions to further refine a gradient mea 
would be utilized to determine whether a maximum power surement . For example , the technician may be instructed to 
matches a predicted power level and when a detected power begin making adjustments , in one embodiment , of both 
level is within the tolerance of a predicted power level , so as 55 elevation and azimuth following a zigzag pattern or suffi 
to determine when such a goal would be deemed to have cient adjustments in a small circle or other shape , or even 
been achieved . randomly , and tracked by the positional sensors while simul 

In other embodiments the received power level may be taneously making measurements at the receiver . In some 
based upon the determination that a peak power is within a embodiments , the measurement values are associated with 
tolerance associated with tuning or aligning an antenna to 60 the measurements of the positional sensors and correlated 
determine that a maximum of a steepest descent algorithm appropriately . Such a gradient may be utilized to determine 
has been achieved . Such a test may be used in combination where on a main lobe of a particular beam pattern the 
with the tolerance associated with the predicted power level alignment is currently positioned and the gradient developed 
so that a peak steepest assent determined maximum power from such adjustments . The resulting gradient measurement 
must be within a predicted power range such as plus or 65 process , in some embodiments , will result in additional 
minus 1 dB of the predicted power range in another embodi instruction as to the direction of adjustment in angle and 
ment . elevation being provided to the technician so that the tech 
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nician will be directing the further adjustments toward the a second alignment frequency and beam width are set and 
peak radiation power alignment . alignment is performed utilizing 5.8 GHz alignment signal 

In one embodiment the technician may be instructed to in Step E - 14-40 . Next a final alignment frequency and 
adjust angle back and forth with turns of a screw several beamwidth is set . For example , in the current embodiment 
times until a gradient is determined , at which time the 5 using V - band , E - band or other target frequency band signal 
technician is instructed to adjust elevation back and forth a in Step E - 14-50 and once alignment has been satisfied 
number of times or until sufficient gradient has been deter processing proceeds to E - 14-60 where the process termi 
mined . Following this , a prediction of the appropriate com nates for initial installation alignment . 
bination of elevation and azimuth adjustment will be FIG . 15A is a depiction of an exemplary embodiment of 
instructed to the technician . In embodiments the elevation 10 a fixed point - to - point radio with an integrated parabolic 
and azimuth may be performed independently . For example , reflector antenna and including an embodiment of multiple 
the technician may be instructed to turn an adjustment back low band ( i.e. 2.4 GHz or 5 GHz ) auxiliary antenna ( s ) with 
and forth in elevation , then instructed to leave the adjust offset focal point alignment for use with one or more 
ment in one position or the other after sufficient measure embodiments of the current invention . FIG . 15A depicts an 
ments and certainty has been achieved as to what the 15 exemplary E - band radio with integrated parabolic antenna 
gradient is to a specific quality , resulting in instruction with array . The arrangement is similar to that described associ 
that particular adjustment . Next the same process may be ated with FIG . 10A , but with three separate low band 
performed in azimuth where the technician is instructed to ancillary antenna structures mounted at or near the focal 
wobble the setting back and forth until such a point that a point of the antennae rather than a single structure of FIG . 
predictable gradient has been achieved , at which time 20 10A at the focal point . Such antenna elements may comprise 
instruction to the technician to leave the position in one or one or more individual elements and are labeled E - 15A - 10 , 
the other or some fraction of the determined position or E - 15A - 30 , and E - 15A - 40 . In the present embodiment the 
some multiple of the determined position is made . structures are located off axis of the bore site of the parabolic 
As can be seen alternating this process in azimuth and antenna array but near the focal point . Ideally , the individual 

elevation then azimuth and elevation will result in a steepest 25 antenna structures of the ancillary elements would be placed 
descent algorithm , which will migrate to the peak radiation within or near the shadowing effect of the sub - reflector of 
power over time , in one embodiment . Following the align the integrated parabolic antenna . The circumference of the 
ment goal having been achieved , for instance for a fine parabolic reflector is depicted as E - 15A - 10 , and each of the 
alignment , processing may proceed to superfine alignment three ancillary antenna element structures shown relative to 
where in Step E - 13-100 a current frequency / beamwidth is 30 the frontal view of the antenna also called out as E - 15 A - 20 , 
adjusted to the final frequency / beamwidth . E - 15 A - 30 , and E - 15 A - 40 . In associated embodiments , the 

Hence , the process is continued as Step E - 13-120 is placement of the ancillary antenna structures would allow 
performed where the next frequency / beamwidth is set , new for offset radiation patterns relative to each of the individual 
measurements are initialized and the last iteration from 1 to elements and relative to the main radiating pattern of the 
N is erased or stored for later use , and a new n equals 1 is 35 parabolic reflector when using the sub - reflector by the 
set at the current position and the process is begun again for primary antenna link in the E - band . Further , the radiation 
the current frequency and beamwidth . This process is con patterns produced by each of the ancillary antennas in the 
tinued until such a time that the current frequency and beam present embodiment would be offset from an individual 
width is equal to the final frequency beamwidth . Once the single element , for example , as depicted in E - 10A which is 
processing goal has been achieved , processing proceeds to 40 located at the focal point and on axis of the bore site of the 
E - 13-130 where alignment goals have been achieved and the reflector antenna . The three individual ancillary antennas 
process terminates or proceeds to maintenance alignment may transmit one at a time or may all transmit simultane 
instead of initial commissioning alignment . ously . For example , when transmitting simultaneously , sepa 

In some embodiments , the forgoing process may be rate single may be transmitted form each , or the same signal . 
applied utilizing a single frequency band of operation , and 45 In some embodiments , phase array or beam forming 
making adjustments to the antenna patterns ( beamwidths ) . approaches may be utilized so as to produce different 
For example , the antenna structure of FIG . 10C , and radio of transmissions in different directions . It is contemplated in 
E - FIG . 10D may be utilizing with the embodiments of FIG . some embodiments the signal transmitted by each of the 
13. Furthermore , embodiments of array antennas of FIG . three elements would be modified so as to be distinguishable 
20A , and FIG . 20B may be utilized with the forgoing 50 from one another , either individually , or on a per beam 
embodiments of FIG . 13 , utilizing a single or multiple formed or spatially multiplexed “ stream " basis . 
receivers . Additionally , embodiments of array antennas of For example , the alignment signal previously described 
E - 10C , FIG . 20A , and FIG . 20B , and other disclosed and associated with FIG . 11B may be transmitted by using 
known antenna structures may be utilized with the embodi separate Zadoff - Chu codes . In one embodiment , each code 
ments of FIG . 14 , utilizing a single or multiple receivers . 55 being orthogonal to the respective other codes from each 

FIG . 14 is an exemplary flow diagram of an embodiment ancillary antenna element . Such codes may be generated by 
of a multiple stage point - to - point radio antenna alignment utilizing a single “ base sequence ” producing separate 
procedure for use in initial alignment utilizing an alignment orthogonal codes by circular shifts of the base sequence . 
assisting device and multiple frequencies and beamwidths Each circular shift in some embodiments would be of a 
for alignment measurements . 60 different number of samples allowing for the signals from 

Referring now to FIG . 14 the process starts in E - 14-10 each ancillary element to be distinguished relative to one 
and proceeds to E - 14-20 where initial alignment using another . The amount of each circular shift should be suffi 
GPS - based estimates or optical alignment or other cient so as to provide for a contemplated maximum channel 
approaches together or in combinations or separately is propagation impulse response including any multi - path 
performed for a coarse alignment . The initial alignment 65 propagation due to reflections from structures within the 
frequency and beamwidth are set , and aligned using 2.4 GHz “ Fresnel ” zone . As discussed , in other embodiments , each 
alignment signal in Step E - 14-30 , in one embodiment . Next code may be passed to all the ancillary elements , and passed 
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so as to perform a beam steering process which may be static from transmission from the ancillary elements of FIG . 15A , 
or adaptive . In some embodiments , the adaptation is based the real and imaginary values of the particular sample of the 
upon the stage of the alignment procedure , the desired first peak ( V1 ) , second peak ( V2 ) and third peak ( V3 ) may be 
separate beam patterns , or the overall beam widths . rotated mathematically such that the first correlation peak is 

A receiver , as will be described subsequently and in 5 aligned with zero phase or resulting in a positive “ real 
related applications , for receiving the particular alignment number ” , with no imaginary component ( e.g. the imaginary 
sequence would perform a correlation in some embodi component's value is zero ) . The associated detected signal 
ments . For example , U.S. patent application Ser . No. 14/624 , vectors for the second peak and third peak may be phase 
365 , previously incorporated herein in its entirety by refer rotated based upon the amount of phase rotation of the first 
ence provides for a number of such correlating receiver 10 peak resulting in an identical magnitude of all three vectors 
structures . The result of the correlations in some embodi but at different phases from what was initially detected , 
ments in which a single code is transmitted form each of the however the relative phases between the three detected 
auxiliary elements for example , would show three individual vectors would remain the same . The set of three phase 

de - rotated vectors may be referred to as a “ tuple ” . correlation peaks associated with the transmissions from 
each of the three ancillary elements and providing for a time Each detection tuple having been phase de - rotated may 
delay between the correlation peaks in the output of the then be coherently added to subsequent correlation tuple 
correlating receiver corresponding to the relative circular outputs as each has a common phase reference derived from 

in the present embodiment the first detected correlation shifts associated with each of the Zadoff - Chu codes trans 
mitted from respective ancillary elements . peak . In some embodiments , the peak correlation may be 

20 utilized to determine each of the transmissions of each The detection of the three correlation peaks , in some 
embodiments , will allow for determination of the phase of ancillary antenna element structure , while in others a “ first ” 
the signal from one peak relative to another peak and relative correlation output may be utilized rather than the absolute 

peak . In such embodiments the first correlation value to to the final peak producing a vector of in - phase and quadra 
ture ( or real and imaginary ) signals for each of the three surpass a threshold may be utilized . In other embodiments , 
peaks . Determining the relative phase between the three 25 the first peak to be above a particular threshold may be 
peaks [ V1 , V2 , V3 ] may be provided by subtracting the phase utilized . Furthermore , the detection of a particular received 
of the subsequent two peaks ( V2 , V3 ) from that of the first correlator output value may be identified based upon the 

known relative timing of the signal delay of each sequence peak ( V1 ) . 
For example , a clockwise rotation of a vector by an angle transmitted from a particular array of ancillary element 

30 structures . For example , if the relative delay T , were used O may be provided by the linear transformation : for the circular shifts of each of the sequences , then inte 
grating copies of detected signals by this Ta delay amount , 
given a known predicted receive timing , would allow for 
non - coherent integration of one or more of the individual 

35 sequences among each other . Furthermore , coherently inte 
grating sets of transmitted sequences , after the correlation , 

where 0 is the angle to rotate the “ first ” or reference vector may be possible based upon known delays and repetition 
( V1 ) to the real axis , and calculated as periods of the sequences themselves . The detection process 

in some embodiments would be based upon a magnitude or 
40 magnitude squared of the signal output of the correlator 

rather than on the vectoral values themselves . Im { V1 } for Re ( V1 ) > 0 , and Some embodiments will have more or less ancillary 
elements and some embodiments will have multiple trans Im { V1 } for Re ( V1 ) < 0 mission elements per individual ancillary antenna structure Re { V1 } 45 such as E - 15 A - 20 , E - 15 A - 30 , and E - 15 A - 40 . For example , 
horizontal and vertical polarization elements may be used 

Such phase may be utilized associated with interferometry individually with the same or with different codes . Further 
techniques known in the industry and will be described more , multiple offset elements will be utilized within each 
further . In other embodiments , so called Super - resolution , element structure . In some embodiments , the directional 
sub - space , or Eigenvector techniques to determine angle of 50 radiation pattern of each of the ancillary elements may be 

be utilized . In some embodiments , parametric tuned as to match the parabolic reflector pattern , additionally 
estimators including autoregressive models , “ MUSIC ” mod different angular transmission radiation patterns having dif 
els or root MUSIC models , may be employed . ferent codes may be utilized from each ancillary element 

Furthermore , subsequent detections of the output - corre structure allowing for broader antenna beams or main lobes 
lated signals may be combined as well . For example , in 55 after reflecting from the parabolic reflector . Such arrange 
some embodiments , coherent integration within a single ments may also allow in some embodiments for differing 
correlation of the receiver may not be possible for certain amplitude values of detected codes being dominant based 
periods of time due to the phase noise of the receiver and upon differing angular misalignment relative to the bore site 
transmitter resulting in a lack of carrier coherency beyond of the antenna propagation from the parabolic reflector dish 
the particular integration time . However , receiving signal 60 to the intended receiver . Such described ancillary elements 
and coherently correlating within the coherence time of the in some embodiments may alternatively be used for recep 
channel or of the transmitter receivers may be performed for tion rather than transmission , while in other embodiments 
a given correlation output sample . Additional coherent inte the elements may be used for both reception and transmis 
gration may be performed based upon relative samples of sion either in duplex in frequency or in duplex in time or 
sequential correlation outputs . For example , following the 65 other duplexing techniques such as “ zero division duplex 
step of performing correlation from a correlating receiver ing ” ( ZDD ) . The foregoing description related to each of the 
and identification of the three correlation peaks resulting three ancillary antenna element structures associated with 

cose sino = D ] -sino cose 

O = 27 - tan ' Relvis 
O = – tan 

arrival may 
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FIG . 15A may also be individually applied to the ancillary shifts of signals transmitted from each of the elements . The 
antenna element structure associated with FIG . 10A ( E - 10A main lobes of the signals radiated from each of the elements 
10 ) wherein the Zadoff - Chu codes or other code sequences and some embodiments will be broader than that of the 
would be utilized . signal transmitted from the focus , but their phases will differ 

Furthermore , the alignment signal need not be based upon 5 as the radial misalignment or magnitude of the polar mis 
a code sequence in time but may be an OFDM - based signal alignment of the parabolic reflector varies . Again , different 
utilizing a sequence in frequency such as used in the 3GPP codes or other alignment signals may be utilized in some 
standard “ LTE ” , as described in documents such as 3GPP TS embodiments such that a magnitude of the polar misalign 
36.300 . ment relative to bore sight may be determined relating to the 

FIG . 15B - 1 is a depiction of an exemplary placement of 10 correlation techniques previously discussed and will be 
multiple auxiliary antenna ( s ) relative to the on - axis focal discussed in further detail elsewhere within this specifica 
point of a parabolic reflector antenna with alignment off - axis tion . 
but equidistant with the focal point for use with one or more FIG . 15B - 4 is a depiction of an exemplary placement of 
embodiments of the current invention multiple auxiliary antenna ( s ) relative to the on - axis focal 

Turning now to FIGS . E - 15B - 1 through E - 15B - 6 , various 15 point of a parabolic reflector antenna with alignment both at 
arrangements of multiple ancillary elements are described . the focal point , and off - axis but for use with one or more 
Each of the figures utilizes Reflector E - 15B - 10 . For FIG . embodiments of the current invention 
15B - 1 , two elements are present E - 15B - 15 and E - 15B - 18 . Referring now to FIG . 15B - 4 , three elements are depicted , 
Such elements are at the same distance from the reflector and E - 15B - 40 , E - 15B - 44 , and E - 15B - 48 . In some embodiments 
at the focal length of the parabolic reflector but offset in the 20 the three elements are planar with the XY - plane depicted in 
X - axis within the diagram so as to offset their respective the figure . With two elements located past the focus but 
radiation patterns in the X - axis relative to the Y - axis . For offset on the Z - axis and the Y - axis and a single element 
example , Element E - 15B - 15 would result in a radiation located on the focal point itself . The foregoing discussions 
pattern with its peak radiating to the left of the Y - axis where relating to the effect of the propagation of the signal and 
E - 15B - 18 would result in a radiation pattern with its peak 25 associated beam patterns apply to the present arrangement as 
offset to the right of the Y - axis . well . In other embodiments additional elements may be 

While two elements are depicted in FIG . 15B - 1 , more added or offsets may be provided on the Z - axis perpendicu 
than two is contemplated in various embodiments . For lar to the Y and the X - axis as well . 
example , four may be present in one embodiment wherein FIG . 15B - 5 is a depiction of an exemplary placement of 
the elements are placed perpendicularly to the XY - axes ( in 30 multiple auxiliary antenna ( s ) relative to the on - axis focal 
a Z - axis ) , but at the same distance as the focal point from the point of a parabolic reflector antenna with alignment off - axis 
reflector , resulting in four equidistant elements centered on but offset in both nearer and further distance from the focal 
the focus point . Wherein other embodiments may comprise point for use with one or more embodiments of the current 
three elements located equidistant from a focal point sepa invention . Referring to FIG . 15B - 5 , two ancillary element 
rated by 120 degrees , each as previously described associ- 35 structures are depicted , E - 15B - 50 , which is past the focal 
ated with embodiments of FIG . 15A . point on the Y - axis and offset on the X - axis , and E - 15B - 55 , 

FIG . 15B - 2 is a depiction of an exemplary placement of which is closer to the parabolic reflector along the Y - axis and 
multiple auxiliary antenna ( s ) relative to the on - axis focal offset on the X - axis resulting in effects to the relative 
point of a parabolic reflector antenna with alignment off - axis radiation patterns . 
and further then the focal point for use with one or more 40 FIG . 15B - 6 is a depiction of an exemplary placement of 
embodiments of the current invention multiple auxiliary antenna ( s ) relative to the on - axis focal 

Referring now to FIG . 15B - 2 , two elements , E - 15B - 20 point of a parabolic reflector antenna with alignment off - axis 
and E - 15B - 25 , are located offset from the focal point but at but offset in distance nearer than the focal point for use with 
a distance further than the focal point resulting in a broader one or more embodiments of the current invention . Refer 
radiation pattern . Such patterns having a radiation pattern 45 ring now to FIG . 15B - 6 , two elements are depicted , both 
with a wider main lobe and less overall gain . Such broader offset on opposite sides of the Y - axis at equidistant X - axis 
radiation patterns may allow for the detection of the trans offsets but closer to the parabolic reflector than the focal 
mitted codes or other alignment - aiding signals at angles not point . The elements E - 15B - 60 and E - 15B - 65 in some 
detectable had the ancillary elements been located at the embodiments comprise both horizontal and vertical polar 
focal point . It should be noted that in some embodiments the 50 izations while in others they may be circularly or otherwise 
placement beyond a focal point will result in the main lobe linearly polarized elements or each may be comprised of the 
initially being smaller angularly and coming to a focus point plurality of individual radiating elements each offset in X , Y 
then broadening following a focusing point resulting in the or Z increments comprising an antenna array . Such elements 
broader main radiation pattern of the main lobe in the “ far may produce beam - forming techniques or phased - array 
field ” , but with “ reversed ” code phases . 55 techniques . In one embodiment a Butler Matrix may be 

FIG . 15B - 3 is a depiction of an exemplary placement of utilized so as to allow for the transmission of differing codes 
multiple auxiliary antenna ( s ) relative to the on - axis focal or other alignment signals angularly from each antenna 
point of a parabolic reflector antenna with alignment on - axis element structure or among the antenna elements them 
but offset in distance from the focal point for use with one selves . In some embodiments the same signal may be 
or more embodiments of the current invention 60 utilized among a plurality of the elements whereas in others 

Referring now to FIG . 15B - 3 , two elements are depicted , differing alignment - aiding signals may be transmitted from 
E - 15B - 30 , which is further than the focus but on axis with each elements whereas in the others phase - related beam 
the bore sight of the parabolic reflector , and E - 15B - 35 , forming or other directional techniques be they fixed or 
which is closer than the focus but on axis with the bore sight adaptive may be utilized . Such beam forming may be 
of the reflector . Such an arrangement in some embodiments 65 performed in analog ( typically referred to as phased array ) 
will allow for determination of misalignment of the trans or may be digitally generated on a per - element basis ( gen 
mitting parabolic reflector based upon the relative phase erally referred to as beam forming ) or may be produced in 
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combination . Furthermore , the foregoing embodiments may FIG . 17 depicts a diagram of an exemplary placement of 
be used in combination amongst each of the examples auxiliary antennas radially on the parameter of a parabolic 
depicted in FIG . 15B or individually or with variations as antenna according to some embodiments of the invention . 
would be understandable , but not explicitly described . Referring now to FIG . 17 , a diagram of the placement of 

FIG . 16 is a depiction of an exemplary embodiment of a 5 ancillary elements is depicted . Ancillary Elements E - 17-26 , 
fixed point to point radio with an integrated parabolic E - 17-24 , E - 17-22 , E - 17-20 , E - 17-10 , and E - 17-28 are 
reflector antenna and including an embodiment of multiple depicted , each separated at 72 degrees in the present 
auxiliary antenna ( s ) with placed radially on the parameter of embodiment in angle Phi ( 0 ) . The unambiguous angle over 
the parabolic for use with one or more embodiments of the which misalignment may be detected utilizing interferom 
current invention . Referring now to FIG . 16 , a parabolic 10 etry techniques , periodogram - based techniques , or paramet 
reflector integrated within a point - to - point radio is depicted ric techniques ( such as so - called super resolution tech 
( in one embodiment an E - band radio while in other embodi niques : MUSIC algorithms ) , is defined by the minimum 
ments such an arrangement may comprise a point - to - point or spacing of the closest elements based upon the angular offset 
a point - to - multipoint capability ) . In present embodiments of of the antenna array associated with the parabolic reflectors 
FIG . 16 rather than placing ancillary elements at or near the 15 in one embodiment . 
focal point of the parabolic reflector , elements are placed For example , an offset associated with the Y - axis or 
radially about the circumference of the parabolic reflector vertical axis would be detected and unambiguous up to a 
structure . The parabolic reflector circumference is depicted particular distance or angular offset which would be defined 
as E - 16-10 and in one embodiment comprises five ancillary by d ,, which is the distance in wavelengths of operation of 
elements , E - 16-20 , E - 16-22 , E - 16-24 , E - 16-26 , and E - 16- 20 the alignment signal between Elements E - 17-30 and E - 17 
28 , such elements being placed in a manner not equidistant 35 in this embodiment . The angle over which an unambigu 
or at equal incremental angles relative to the circumference ous offset determination may be made on the horizontal axis 
of the perimeter of the parabolic antenna . In some embodi would be defined by dh which is the distance between 
ments four elements would be placed each at 90 degrees E - 17-22 and E - 17-24 , in the current embodiment . As com 
relative to the bore sight of the parabolic reflector and one 25 binations of offsets vary in both the X and the Y - axis , then 
element would be placed at -45 degrees and equidistance the minimum spacing between elements would be defined 
along the circumference between elements E - 16-20 and between different sets of elements in various embodiments . 
E - 16-26 . Such additional element may be beneficial in For example , if the offset were at 45 degrees relative to 
determining phase ambiguities associated with interferom vertical , then the minimum spacing between elements would 
etry techniques which will be discussed in more detail 30 be between Element E - 17-20 and one or both of E - 17-22 and 
elsewhere . In another embodiment , five elements are placed E - 17-28 . The spacing between two elements that are located 
equidistant along the circumference of the parabolic reflec at a common offset for a particular angular axis of the 
tor , such elements being respectively E - 1 E - 16-32 , antenna must have some physical separation in order to be 
E - 16-34 , E - 16-36 and E - 16-38 . In yet another embodiment , helpful in defining the maximum unambiguous misalign 
a side view of the parabolic reflector integrated with one 35 ment determination . For example , misalignment in the 
embodiment a point - to - point E - band radio is depicted where X - axis as discussed would have a maximum unambiguous 
the ancillary elements comprise a linear array along a angular misalignment determination range defined by dy . 
vertical axis labeled E - 16-40 , E - 16-42 , E - 16-44 , E - 16-46 , However , a closer arrangement of two elements does exist 
and E - 16-48 . In some embodiments such a linear array may within the present example . E - 17-20 and E - 17-28 are both 
also exist along the Z - axis perpendicular to the XY - axis of 40 equidistant and are not separated at all on the X - axis . 
the drawing itself . In some embodiments such elements are Therefore , two measurements would be made at the same 
on the perimeter of the circumference of the parabolic X - axis offset and while improving the signal to noise ratio 
antenna but spaced vertically so as to be linear relative to of that particular measurement would not provide additional 
each other . In other embodiments , such an arrangement resolution or range for the maximum unambiguous angle 
would not be linear but dependent upon an equidistant 45 offset determination in the X - axis . The choice of the number 
angular placement such as described associated with Ele of elements and the spacing will be based upon the diameter 
ments E - 16-30 through E - 16-38 . of the main reflector , the desired resolution of the angle 

In yet other embodiments the number of elements may be misalignment determination , and the range of maximum 
varied . In some embodiments the choice of the number of unambiguous offset angle determination , which is required , 
elements would depend upon the physical size of the diam- 50 for a particular embodiment . For example , if the course 
eter of the parabolic reflector ( or other antenna such as an alignment using GPS determined by , in one embodiment an 
array ) and the determination of “ unambiguous ” angular alignment - assisting device , is capable of ensuring alignment 
arrival , which may be made for a range of misalignments to plus or minus 5 degrees of bore sight in elevation and 
relative to the bore sight of the main radiating antenna azimuth , then the range over which unambiguous misalign 
reflector . 55 ment determination which must be designed for must exceed 

In other embodiments the radiating reflector may be plus or minus 5 degrees . Otherwise , an angle determination 
replaced with a planar radiating antenna array . In yet other may be made based upon relative phase relationships which 
embodiments different frequencies between the ancillary may be produced at multiple alignments and indicating to a 
elements and the main payload - bearing signal utilizing the technician how to perform an alignment would not be 
reflector may be utilized . For example , one embodiment 60 possible without ambiguity . 
may use 5 GHz band for ancillary elements and E - band or In some embodiments multiple possible solutions may be 
V - band for the main point - to - point or point - to - multipoint indicated to a technician resulting in four , three or two 
links . In other embodiments , the ancillary elements may be possible solutions based on potential measurements , if the 
utilized for alignment and maintenance alignment . In yet maximum misalignment for no ambiguity requirement is not 
further embodiments such elements may be utilized for 65 met . In some embodiments such maximum may not be met 
hybrid - band radio operations as described in U.S. Pat . No. and multiple solutions may be provided to a technician , 
9,572,163 . while in other embodiments such a requirement will be met 
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and a single output for improved alignment will be provided . 
In yet other embodiments a continual feedback may be Where a points in the direction of propagation , and 
provided as the manual adjustment of the array antenna is 
made . For example , if the maximum unambiguous misalign 
ment angle is not met or initial alignment is beyond that 5 tal = Vaa = 
expected utilizing coordinated inputs in the course align 
ment steps , the adjustment of the array or parabolic reflec where c is the speed of the wave ( e.g. the speed of light for tor's alignment may be counterintuitive to the technician . electromagnetic signals ) . For example , the phase relationship among the elements Letting , 
becomes ambiguous when a phenomenon called “ spatial 
aliasing ” occurs . Such spatial aliasing is analogous to time 
aliasing in sampling theory as commonly known associated s ( X , 1 ) = Ae - j ( wt = kxx - ky , y = kzz ) 
with Nyquist Sampling Theorem . The Nyquist Sampling 
Theorem states that samples must be taken at or above twice 
the frequency of the highest frequency of operation of a k particular signal ( not to be confused with the Nyquist = Ae - jw11 - d - ) if 
bandpass sampling theorem ) . In angle of arrival determina 
tion or beam - forming and phased array techniques in gen 
eral , such theorems may be extrapolated to space rather than 20 If s ( t - a.x ) is periodic , it has a Fourier series , time . For example , a Fourier transform of a signal sampled 
at equally linearly spaced antenna elements , at the same time 
instant results in a “ frequency spectrum ” of a spatially 
sampled signal . Such measurements are often referred to as s ( u ) Snejnwou , for 
“ Angular Spectrum ” . As element spacing exceeds half the 25 
wavelength of the signal's operating wavelength , a spatial s ( u e - jmwol du 
aliasing will occur ( as opposed to time aliasing ) . When 
elements of an array are spaced closer than N2 the angular 
spectrum from 0 to 180 degrees is unambiguous . As the 
spacing proceeds beyond N / 2 the unambiguous angular where u = t - a : X 
spectrum begins to be reduced . Further detail relating to For aperiodic signals , one can apply the “ spatial Fourier 
calculating spatial aliasing is provided . transform ” ( as a function of “ u ” ) rather then the above 

Fourier series . FIG . 18A is an exemplary illustration of the relationship 
between a waveform center frequency ( wavelength a ) and 
the relative signal propagation difference detected between 
two antenna elements of an exemplary two - element antenna s ( u ) = S ( W ) e junt du , for 
array . Prior to a more detailed discussion of FIG . 18A , some background relating to mathematically modeling a propa S ( w ) = 
gating wave in a lossless medium will be provided . 

A propagating wave in a lossless medium must satisfy the 
following relationship . It can be shown that virtually any s ( u ) satisfies the lossless 

wave equation with properties of : 
$ ( 4,1 ) = s ( t - a ) A propagating plane wave : s ( t - ax ) 

With a " slowness vector ” 
Where , 

= il 
30 

35 

L 20 

Lt s ( u ) e - ju ' du 
40 

45 

k 
Q 

w x = 1 50 

pointing in the direction of propagation 
With wavenumber vector : K = w? , where is the spatial position vector 

55 

2? 
Ik ???? -- ?? az 

60 And with a frequency w and wavelength à , such that 

is the slowness vector 
C = 

?? 
21 

and , 
65 

àära Tx = @ yx + any + A. , , 
Referring now to FIG . 18A , a depiction of two antenna 

elements , E - 18A - 30 and E - 18A - 40 , is shown . A waveform 
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with a wavelength à ( E - 18A - 70 ) is depicted by two planar four elements equally spaced within a 60 - centimeter total 
wave fronts , E - 18A - 20 and E - 18A - 10 . The bore sight of the baseline array and operating at 5.8 Gigahertz , one can see 
antenna array is depicted by E - 18A - 60 , whereas the direc the main load at bore site for a signal being received at bore 
tion of propagation , often referred to as the “ slowness site , also referred to as array factor , depicted at a peak 
vector ” , is depicted as E - 18A - 50 . The angle of arrival of the 5 receive power at E - 19A - 10 where spatially - aliased signal 
propagating signal is depicted relative to the bore site of the representations are depicted by E - 19A - 20 and E - 19A - 30 . 
array and is defined as theta ( 0 ) . As theta goes to 8 , the FIG . 19B depicts a plot of the normalized gain in dB 
arrival of the signal converges on perpendicular with the relative to the angle of arrival for a signal received by a 
antenna array “ bore sight ” . The phase difference received linear equally spaced ( 3.92 ) 3 element antenna array having 
between the signal detected at Antenna Element E - 18 A - 30 10 a 60 cm total array baseline ( 11.62 ) for a ISM band signal 
and E - 18 A - 40 may be determined based upon the relative ( 5.8 GHz ) center frequency showing “ spatial aliasing ” . 
wavelength difference or physical difference , “ a ” , where “ a ” Referring now to FIG . 19B , the depiction of three elements 
is defined as equaling “ d ” times the sine of theta . To equally spaced over a 60 - centimeter array is depicted where 
determine the phase difference between the two elements , the array factor is normalized gain in dB is shown and 
“ a ” would be divided by the wavelength and multiplied by 15 grating lobes or ambiguous spatial aliasing peaks are shown . 
27 resulting in a phase difference of 2nd sin ( 0 ) / a . As the It should be noted that the spacing between three elements 
spacing d , of the elements exceeds N2 , the determined phase over 60 centimeters is larger than four elements over 60 
difference as a function of theta will begin to repeat within centimeters and therefore the spatial aliasing apparent 
the 180 degrees of possible slowness vector arrival angles . between FIG . 19A , and FIG . 19B is more drastic . That is to 
As a result , such repetition of the sine of theta will define the 20 say , the peaks of the aliased main lobes , E - 19B - 30 and 
“ ambiguity ” regions of the angular spectrum and result in E - 19B - 20 , are closer in angle to the main un - aliased lobe of 
so - called spatial aliasing . E - 19B - 10 than was the case in FIG . 19A . 

FIG . 18B is a plot of the absolute value of the maximum FIG . 20A depicts an exemplary E - Band antenna array 
unambiguous angle of arrival relative to array broadside having a grid of antenna element sets and auxiliary ISM ( 5.8 
versus element spacing in wavelengths for a two - element 25 GHz ) antenna elements for use in embodiments of the 
antenna array . FIG . 18C provides EQ . E - 18C describing a present invention . For example , an individual antenna ele 
formula defining the maximum unambiguous angle of ment set E - 20A - 20 is depicted in one embodiment and 
arrival relative to array broadside versus element spacing in labeled A. A similar element is also depicted as E - 20A - 10 in 
wavelengths for a two - element antenna array . The maximum one embodiment both comprising an E - band antenna ele 
unambiguous angle of arrival may be determined from 30 ment set . For example , an E - band antenna array having a 
equation E - 18C as theta equals plus or minus the inverse total aperture of 160 àe is depicted ; however , only 16 
sign of " V2d ” . A plot of this function relative to element E - band antenna element sets by 16 E - band antenna element 
spacing “ d ” is provided in FIG . 18B , where 0.5 represents sets are depicted . Such elements may be comprised of a 
element spacing of N2 defining the maximum unambiguous single radiating structure having a particular beamwidth 
angle of arrival relative to bore sight and “ 90 degrees ” 35 resolving any spatial aliasing issues resulting from the ten e 
specifying that + and -90 degrees is uniquely resolvable for spacing from E - band element to E - band element . As such , 
the angle of arrival of the signal with a slowness pointing the structure may be comprised of a single radiating struc 
vector in the theta direction . Whereas with an element ture or it may be comprised of an array structure itself 
spacing of 12 , the maximum unambiguous angle of arrival resulting in satisfaction of the spatial aliasing or spatial 
would be + or -30 degrees and for 3 , spacing the maximum 40 sampling theorem requirements so as to reduce any grading 
of + or -10 degrees would be unambiguously resolvable . lobes from transmission and reception antenna factors . Such 
One benefit of a wider spacing of elements E - 18A - 30 and implementation may be according to any of the disclosed 
E - 18A - 40 is that the resolution of an angle theta from the embodiments that are incorporated in their entirety by 
samples of signal at each of the elements is enhanced and reference herein , or those known in the industry in general . 
may be determined to a higher degree of accuracy as the 45 While there is a gap shown in spacing between individual 
elements are spaced further apart . elements of the array , such a gap is for clarity purposes and 
For example , the power of the error in an estimated angle may not exist in specific embodiments , while in other 

of arrival is reduced as the square of the separation of the embodiments such spacing may be present . Specific 
elements , for an interferometry angle of arrival measure embodiments of an E - band array may not distinguish spac 
ment . As one example , doubling the element separation will 50 ing between individual radiating elements but may be con 
result in a 6 dB improvement in the angle of arrival tinuous across the entire 160 ne aperture in both the X and 
estimation . Such a relationship may be seen in the following Y directions of the array . In the present embodiment the 
equation ( See E. Jeff Holder , “ Angle - of - Arrival Estimation aperture is defined as 160 1e when operating in the E - band 
Using Radar Interferometry : Methods and Applications ” , and 11.6 Nysy when operating at 5.8 gigahertz in the ISM 
ISBN 978-1-61353-184-6 , pg 108 ) 55 band as designated as E - 20A - 60 and inter - element spacing 

or inter - element set spacing E - 20A - 70 as mentioned 10 ne 
or 0.725 975m . In some embodiments specific element sets 
may be designated as for operation with ISM ( or 5 GHz ) 
band as ancillary elements and others for operation in 2nd V SNR 60 E - band for the main array . For example , in one embodiment , 
E - 20A - 20 is designated as operating in ISM ( or 5 GHz ) band 

FIG . 19A depicts a plot of the normalized gain in dB as are the other labeled elements , B , C and D , within the 
relative to the angle of arrival for a signal received by a same embodiment . When operating in the ISM ( or 5 GHz ) 
linear equally spaced ( 2.99 ) 4 element antenna array having band the inter - element spacing between A , B , C and D 
a 60 cm total array baseline ( 11.62 ) for a ISM band signal 65 would be 2.8 mism designated E - 20A - 80 . Additionally , on 
( i.e. at 5.8 GHz or any 5.x GHz ) center frequency showing the vertical axis a linear ISM array may be produced by 
“ spatial aliasing ” . Referring now to FIG . 19A , depicting substituting E - band elements with ISM elements designated 
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D , E , F and G where G is designated as E - 20A - 40 . Other such an embodiment , the detection of the relative amplitude 
embodiments will utilize the elements designated A through and phases of the individual codes would provide for the 
Gas E - band antennas or antenna sets . Some embodiments ability of a detecting receiver to determine angle of mis 
may not use 5 GHz at all and only E - band or V - band alignment of the transmitting array form a single receiver . In 
depending upon implementations or another frequency 5 alternative embodiments where only E - band is utilized , 
wherein the main array may be comprised of sub - arrays and subsets or individual groups of E - band elements , for 
operated as single frequency which will be discussed in example a set of elements comprising E - 20A - 20 , may be 
further detail . In one embodiment an ancillary 5 GHz array utilized as an output by itself and resulting in a wider beam 
is placed along the perimeter of an E - band only array and width or in combination with other elements to broaden 
designated by Element E - 20A - 30 labeled A1 and making up 10 antenna beamwidth . For example , if Element A and B were 
an array for the ISM band on the horizontal axis labeled A1 , used at E - band but not C and D , the aperture being less than 
B1 , C1 and D1 , each element spaced in the present embodi half of the overall array aperture , the beamwidth would be 
ment at 2.8 QISM . On the vertical axis , in one embodiment , correspondingly more than twice as wide . As a result , 
an 5 GHz linear array may be provided as designated by D2 , subsets of E - band elements may be utilized so as to provide 
E2 , F2 and G2 , G2 being labeled E - 20A - 50 wherein in 15 a wider beamwidth for initial alignment or ongoing main 
embodiments where the vertical array is integrated into the tenance alignment . Such operation may be achieved utiliz 
E - band array E2 , F2 , D2 and G2 would be substituted for ing the feed structure of the array and utilizing switches or 
E - band elements . other radio frequency structures to open or shunt specific 

In specific implementations all elements may be cavity portions of the feed structure to affect the overall elements 
backed slots or other radiating structures as known in the 20 and their ability to transmit utilizing the whole array . 
industry . In yet other embodiments the 5 GHz band elements Such an arrangement may result in individual array pat 
may be dual band or co - existent in the same location with an terns being used one at a time or in combinations , or 
E - band or other payload bearing operational frequency sequentially . Alternatively , the array may be subdivided into 
antenna elements as well as 5 GHz band elements . Further sub - arrays , each driven with individual transmitters utilizing 
more , the location of integrated 5 GHz band elements need 25 smaller feed networks and utilized transmitting a common 
not be at the perimeter but could be spaced elsewhere within signal for full antenna array operation and separate signals 
the array . It is contemplated embodiments not having linear for sub - array individual combinations so as to broaden 
arrays but having so - called “ sparse arrays ” may be used , beamwidths when desired . Such transmissions may be 
wherein management of ambiguity epics for maximum embedded within the main E - band or V - band , for example 
unambiguous angle of arrival detection and side grading 30 signal as discussed in U.S. patent application Ser . No. 
lobes may be beneficial . Furthermore in some embodiments 14 / 624,365 , describing the self - organizing back hall radio 
placement of the E - band elements at the corners may be ( SOBR ) , the teachings of which are incorporated in its 
incrementally beneficial in creating a larger aperture where entirety herein by reference . Such teachings further disclose 
placement of the 5 GHz elements within the array along the receiver structures for the reception of codes or other 
edges but not at the corners and with the array’s interior may 35 embedded signals in the presence of payload bearing main 
show no degradation in 5 GHz band performance . Further carrier signals . Furthermore , the hybrid band operation of an 
more , it should be understood that the 5 GHz , E - band , ISM ( or 5 GHz ) array integrated with an E - band array is 
V - band and other frequencies are utilized for exemplary further described in various embodiments in from U.S. Pat . 
purposes only and are not limiting . A single frequency or No. 9,572,163 . The existence of the 5 GHz band array and 
combinations of other known operating frequencies are 40 the combination of the E - band or other operating frequency 
applicable to the current embodiments . It should be noted array may be utilized for more than initial alignment and 
that the 160 NE aperture corresponds to a 60 - centimeter maintenance alignment operation but may be used associ 
diameter radiating aperture similar to previously discussed ated with the teachings of the hybrid band radio U.S. Pat . 
reflectors in terms of antenna beam width of the main No. 9,572,163 as a redundant link or a feedback link for 
radiating lobe , although variation will occur . 45 various traffic or in the manner taught in the various embodi 

A radiation pattern from an antenna comprising an ments of said application . Furthermore , the use of alignment 
embodiment representing in FIG . 20 at the 5 GHz ( or ISM ) assisting devices as previously discussed is explained in 
band would correspond and be similar to the array factor more detail in U.S. patent application Ser . No. 15 / 084,867 
plotted for the normalized gain in dB utilizing four elements incorporated herein by reference in their entirety , all of the 
with an aperture of 60 centimeter at 5.8 gigahertz of FIG . 50 embodiments of which are contemplated in conjunction with 
19A . The radiation pattern of an E - band array would be the disclosures of this application . 
similar to that of FIG . 12 and array factor E - 12-50 , and the FIG . 20B depicts an exemplary E - Band antenna array 
5 GHz radiation pattern would correspond to E - 12-40 of having a grid of antenna element sets including auxiliary 
FIG . 12 in having a 3 dB beam width of 7.2 degrees and a E - band sub - arrays and antenna element sets for use in an 
15 dB beam width of 14 degrees as determined by the X or 55 embodiment of the present invention . Turning now to FIG . 
the Y aperture as defined in FIG . 20A . 20B an antenna array for a single frequency of operation is 

In some embodiments the phases of the 5 GHz ( or ISM ) disclosed . In one embodiment it is an E - band array at 80 
band transmissions from Elements A , B , C and D and E , F GHz and having a 60 - centimeter aperture in the X and Y 
and G or others may be electronically controlled utilizing directions . In such an embodiment groups of elements may 
beam forming techniques where each may be an individual 60 be spaced together . For example , Block E - 20B - 10 and 
transmitter may be the result of a phased array output or utilized for the transmission of a common alignment aiding 
otherwise may be produced utilizing a butler matrix struc signal in one embodiment wherein a wider transmission 
ture with a switched input for steering such an array pattern beam pattern would be transmitted due to an aperture of 10 
or otherwise may utilize a transmission into each element of as opposed to the full aperture of 1602 of the current 
a butler matrix utilizing a separate Zadoff - Chu code or other 65 embodiment . As a result , the overall main lobe beam pattern 
aligning sequence which would allow for different patterns would be 16 times larger than that of the full array . For 
for different codes , and sub - patterns being overlapping . In example , rather than having a main lobe of a half a degree 
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in 3 dB beam width , it would have an 8 - degree main lobe is disclosed whereas an aliased angle of arrival E - 20C - 20 as 
beamwidth . The alignment may be performed based upon well as the other peaks are shown . Upon detection of such 
the steepest gradient “ descent " algorithms resulting from an arrangement , other information would be required to 
sequential measurements of signal received or transmitted determine which of the peaks is the correctly determined 
by a subset of elements or individual codes may be trans 5 arrival direction . Consequently , the use of coarse and fine 
mitted by each of the elements so as to result in the ability resolution prior to such superfine resolution determination is 
to do direct angle of arrival determination and a more direct beneficial . FIG . 20C provides for 64 ambiguity zones within 
adjustment to the main lobe of the more narrow array 180 - degree look angle relative to the array . FIG . 20D 
pattern . The gain on the antenna array defined by E - 20B - 10 provides for 20 ambiguity zones within a 120 - degree look 
would be significantly lower than that of the full array by an 10 angle for different spacing of the E - band array . For example , 
amount of 10 * Log ( 16 ) or roughly 9 dB . In other embodi Peak E - 20D - 10 relative to Peak E - 20D - 20 is separated by 18 
ments , different sets of elements may be utilized , for degrees , which is significantly more than the separation of 
example E - 20B - 1 , E - 20B - 2 , E - 20B - 4 and E - 20B - 3 may be the ambiguity peaks of FIG . 20D that are significantly 
utilized in such an embodiment , the elements may be driven further than those of FIG . 20C indicating that the element 
collectively and the radiation pattern broadened as just 15 spacing of the array associated with E - 20D is closer in terms 
discussed or alternatively individual codes may be transmit of the number of wavelengths between elements than those 
ted for each of the element structures . For example , the of E - 20C . The number of ambiguities is defined by Nequals 
common code may drive all four and / or different codes for two times d over , wherein d is defined as the smallest 
each of the four , resulting in the ability to direct angle of inter - element spacing as derived for a two - element antenna 
arrival measurements at a desired receiver , while alterna- 20 array . Therefore , it can be seen that when “ d ” is equal to N2 
tively the elements may be used for reception and direction the resulting N is equal to one . Hence , the number of 
of arrival determination of a transmitter ( based upon indi ambiguities or ambiguity zones is one and therefore overall 
vidually received signals at each of the antenna structures ) . a 180 - degree look angle ; there is no ambiguity in such an 
Referring now to Elements E20B - 20 , E20B - 22 , E20B - 24 , embodiment . 

a linear array of three elements may be utilized also at the 25 In some embodiments associated with FIG . 20B where 
same frequency band for a vertical angle of arrival deter the main radio is utilized for both operation of the entire 
mination again based upon common code requiring plurality array but also operation of individual elements , the main 
of measurements and steepest ascent type algorithms or radio may be capable of transmitting multiple input , mul 
based upon different code transmissions resulting in the tiple output signals at least in terms of horizontal and vertical 
ability to determine a more direct elevation adjustment 30 polarizations related to the individual link . Other embodi 
which is required to align the array vertically with an ments may provide for multiple feeds allowing for more 
intended receiver and said receiver using algorithms as than two distinct code transmissions . In such cases , separate 
discussed associated with interferometry , usic , periodi feed networks having different codes may drive individual 
gram / angular frequency analysis and the like . Furthermore , sub - arrays . 
Elements E - 20B - 26 , E - 20B - 28 and E - 20B - 24 may be used 35 In some embodiments one or more of the driven signals 
for the determination of azimuthal alignment using similar may utilize the same main modem hardware that is utilized 
techniques . Furthermore , all the elements , E - 20B - 20 for the main link but reconfigured so as to transmit encoded 
through E - 20B - 28 may be used jointly using super resolu signals for each sub - array , or within the main array of 
tion techniques or interferometry techniques . Furthermore , " pattern tracking ” purposes . In such embodiments it is 
such techniques may be implemented with less complexity 40 possible that each symbol transmitted may comprise one bit 
based upon a single transmitter and alternative feed network of a larger code . For instance a Zadoff - Chu code , a Walsh 
configurations where the feed networks are sequentially code , a maximal length PN shift register code or pseudo 
switched and subsequent measurements made to determine random code , a gray code , a “ m code ” , a CAZAC code or 
relative phase information through the use of a commutating other codes as disclosed in the SOBR application ( U.S. 
transmitter arrangement wherein each configured feed net- 45 patent application Ser . No. 14 / 624,365 ) previously incorpo 
work would be received , stored and a subsequent measure rated herein by reference . Furthermore , such codes may be 
ment would be made and a relative phase analysis or other utilized in embodiments associated with the advanced back 
angle of arrival determination analysis performed on the haul services ( ABS ) of U.S. patent application Ser . No. 
values determined at the receiver associated with each of the 14 / 502,471 , incorporated herein by reference , the teachings 
commutated feed network configurations . Such techniques 50 of which are contemplated for use in the various embodi 
are applicable to both FIG . 20B as well as FIG . 20A or any ments of the present disclosures . In one embodiment , the use 
other of the arrangements discussed herein . of forward error correction in an integrated radio transceiver 

FIG . 20C depicts a plot of the normalized gain in dB from a chip supplier such as Broadcom may be turned off 
relative to the angle of arrival for a signal received by two and the transmitted symbols defined to be bits of a larger 
E - Band ( 80 GHz e.g. , 3.75 mma ) antenna “ sub - arrays ” 55 sequence to define the alignment codes . In other embodi 
having a composite 60 cm aperture baseline ( 1602 ) , where ments the systematic bits of a systematic forward arrow 
the phase center separation of the two sub - arrays is 327 correction code may be defined as the individual values of 
demonstrating phase ambiguity epochs from spatial aliasing . an alignment sequence . At the receiver , in one embodiment , 

FIG . 20D depicts a plot of the normalized gain in dB the redundant bits discarded and only the systematic bits 
relative to the angle of arrival for a signal received by two 60 retained and utilized for processing in a subsequent corre 
E - Band ( 80 GHz e.g. , 3.75 mma ) antenna “ sub - arrays ” lation process or in other embodiments forward arrow 
having a composite 60 cm aperture baseline ( 1602 ) , where correction may be processed so as to improve the detect 
the phase center separation of the two sub - arrays is 102 ability of the codes overall and then the resulting systemic 
demonstrating phase ambiguity epochs from spatial aliasing . bits at the output of the forward error correction algorithms 

Referring now to FIG . 20C , an array factor of the angle of 65 utilized to perform subsequent correlations . In such embodi 
arrival ambiguities is depicted for a spatially aliased array ments it is contemplated that a single code would be 
configuration , for example , the main beam pattern E - 20C - 10 transmitted at of time rather than jointly . While in other 

Cobblestone Wireless LLC, Exhibit 2024 
Page 2024 - 68 

IPR2024-00707, Hewlett Packard Enterprise Co. v. Cobblestone, LLC



US 10,708,918 B2 
47 48 

embodiments soft bits of the systemic elements are retained may be integrated over time to allow for much higher 
and unmodified by either bypassing the FEC processing or dynamic range detection of the signal wherein the individual 
receiving the systemic bits as soft symbols . Such soft high rate information symbols may not be detectable when 
symbols being usable for subsequent correlation processing misaligned beyond the main beam of an antenna . However , 
and the separation of the individually jointly transmitted 5 integrating other signal elements such as only integrating the 
Zadoff - Chu codes or other alignment code sequences . preambles of frames transmitted from the Broadcom 85100 

In one embodiment it is contemplated with a single chipset will allow for , in some embodiments , processing 
transmitter that one or two such codes may be transmitted gain of significant amounts in excess of 30 to 50 dB and 
utilizing the main transmitter structure used for the E - band resulting in the ability to detect the received signal level at 
or V - band millimeter wave transmission links but used for 10 much lower levels and allow for a steepest descent algorithm 
the transmission of the alignment codes at a different time . for alignment to be performed from a standard receiver . 
In such embodiments , additional transmissions may be made Furthermore , the use of the standard transmitter receiver 
by time sharing the transmitter between different arrange chipsets for the main link but substituting the information 
ments of antenna elements including those associated with symbols for bits of a sequence such as Zadoff - Chu code or 
the parabolic reflector ancillary elements as discussed pre- 15 other CAZAC code or PN sequence will allow for such 
viously or those associated with the array configurations processing gain and integration over time so that higher 
discussed herein or those of the hybrid band or other dynamic range or simply lower detection levels are possible 
embodiments incorporated herein . through post processing and integration of the bits detected 

Such structures may be deemed commutating transmitter from the receiver over time . 
configurations . Such commutating configurations may be 20 In some embodiments a dedicated preamble detector in 
communicated to the intended receiver as well as the spe the receiver may be utilized to detect the preambles of the 
cific codes for configuration and post processing to deter transmitted frames of the E - band or V - band link and to 
mine the detection of each . For ongoing operation using perform post processing so as to allow for such integration 
embedded codes configuration information may be provided when a preamble detector associated with the main receiver 
where specific symbols of the payload data are substituted 25 in specific embodiments may not be able to detect signal 
for bits or symbols to be transmitted utilizing alternative levels at such a low level . Such dedicated preamble detectors 
array or ancillary antenna configurations . In various embodi or sequence detectors may allow for steepest descent algo 
ments , such an arrangement may be performed utilizing the rithms to be used with E - band or V - band only signaling or 
BCM85100 system on a chip from Broadcom , which is a with other embodiments contemplated herein . 
baseband system on a chip for broadband wireless transmis- 30 FIG . 21 depicts an exemplary block diagram of an align 
sion systems . ment transmitter with separate transmitters and a depicting 

In other embodiments the alignment signal may be pro of the relative timing of transmitted alignment waveforms 
duced by the same modem but at a lower frequency than the according to embodiments of the present invention . Refer 
E - band despite the operation at E - band for normal payload ring now to FIG . 21 , an example of a transmitter arrange 
bearing signal but reconfigured for 2.4 GHz or 5.8 GHz prior 35 ment transmitting exemplary Zadoff - Chu code sequences in 
to up conversion to the E - band or V - band in one embodi a repeated fashion . In one embodiment , a clock trigger into 
ment . In other embodiments , a separate receiver transmitter a delay provides input to an alignment transmitter from 
may be utilized to drive the 5.8 GHz or 2.4 GHz alignment Delay E - 21-51A and subsequently delayed clocks are pro 
signals . For example , an off - the - shelf Wi - Fi chipset may be vided to subsequent Alignment Transmitter E - 21-60A and 
utilized , in particular chipsets supporting IEEE802.11n or 40 signals to Antenna Element E - 21-10 . Next delay E - 21-50B 
IEEE802.11ac are capable of providing multiple input , mul provides input to the next alignment transmitter through a 
tiple output signals , including the generation of channel power amplifier to Antenna Element E - 21-20 . Clock input to 
sounding signals for 2 , 4 , 8 and more elements . Such Delay Block E - 21-50 provides input to alignment transmit 
channel sounding capabilities may be utilized with the ter E - 21-60C through power amplifier and signal to Antenna 
ancillary antenna element structures resulting in the ability 45 Element E - 21-30 and the process proceeds to any number of 
for a relatively inexpensive chipset to be used for angle of transmitters . For example delay E - 21-50 , provides input to 
arrival determination as well as hybrid band radio links for Alignment Transmitter E - 21-60n , and signal to the power 
operation per the hybrid band radio specifications of U.S. amplifier and then to Antenna Element E - 21 - n . 
Pat . No. 9,572,163 , previously incorporated herein by ref The first transmitted signal would be transmitted at a 
erence in its entirety . In some embodiments the channel 50 referenced time of T equals zero , then a signal transmitted 
sounding information may be retrieved from the chipset and from E - 21-20 would be transmitted at a delay of D desig 
post process so as to determine the angle of arrival infor nated by E - 21-706 relative to the first transmitted signal of 
mation estimates for subsequent aligning processes . E - 21-70A and the third transmitted signal of would be 

In other embodiments the transmitter receiver of the E - 21-70C at two delay time periods in time ( 2D ) from 
intelligent back haul radio disclosed in U.S. Pat . No. 9,572 , 55 transmitting Element E - 21-30 to the nth signal to be trans 
163 may be utilized for channel sounding , for beam forming mitted labeled E - 21-70N from Antenna Element E - 21 - N . In 
or the like . In embodiments where off - the - shelf Wi - Fi chip alternative embodiments , no delays need be present and 
sets are used any and all the capabilities including beam different code sequences may be used . For example such as 
forming , phased array capabilities and the like contemplated Welsh codes from each individual antenna element or dif 
in 82.11ac are considered for use in the current embodi- 60 ferent phases of a maximal length shift register PN code or 
ments . Furthermore , IEEE 802.11ad for operation at milli pseudo random code or m code , Barker code or like as 
meter wave bands is contemplated as well . In other embodi contemplated in related patents and patent applications 
ments embedding signals into the main link for operation is incorporated herein ( for example in U.S. application Ser . 
contemplated through the use of center frequency dithering No. 14 / 624,365 , incorporated herein in its entirety ) . For a 
so as to be able to detect signaling associated with variations 65 Zadoff - Chu code a delay of a root sequence code comprises 
in a center frequency or among preambles or embedded a separate orthogonal code and therefore each delay D , if 
symbols in line with the main data stream . Such variations sufficient , will result in a uniquely distinguishable receive 
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delay " epoch ” . Under such a situation , the amount D must used , while in others an array antenna is utilized , and the 
contemplate the largest possible channel impulse response signals are passed to Receiver E - 23A - 30 . Said plurality of 
for the RF propagation between an intended receiver and the transmitted codes may be sent from elements along the 
transmitter , including the multi - path impulse response due to peripheral of the circumference of the parabolic array or 
reflections within the propagation channel either due to 5 along the peripheral of an array antenna or as integrated 
obstructions or due to impingement upon the Fresnel zone elements within an array antenna at the frequency of opera 
for a point - to - point link . Such delays may be in some cases tion or at other frequencies of operation . 
microseconds or more and therefore if the delay D is in FIG . 23B provides an exemplary plot of receiver corre 
excess of any contemplated impulse response of the channel lated alignment waveform power verses time for a plurality 
then any detection of signal at or beyond D relative to a 10 of receiver time epochs for use in receiving waveforms for 
previous detected signal would not be contemplated as being use in detecting transmitter miss - alignment according to 
part of the wireless channel but would be contemplated as some embodiments of the present invention . The output of 
being a uniquely transmitted code from a separate receiver . Receiver E - 23A - 30 in one embodiment may be the output 
Such relative delays may be communicated to the detecting depicted in FIG . 23B wherein a correlation peak , E - 23B - 20a 
receiver as to aid in the identification of the delay epochs . 15 at a time delayed T , is designated E - 23B - 30 , and where the 

FIG . 22 depicts an exemplary block diagram of an align correlated power is determined based upon the I squared 
ment transmitter with a common waveform generator and plus Q squared values of the output of a correlating receiver 
separate radio frequency delays and a depicting of the as discussed in incorporated references , such as U.S. patent 
relative timing of transmitted alignment waveforms accord application Ser . No. 14 / 624,365 , and labeled as Epoch 1 . 
ing to embodiments of the present invention . Turning to 20 “ D ” is the delay , E - 23B10 associated with the delays 
FIG . 22 , an alternative configuration where a single trans described in FIGS . E - 21 and E - 22 . The “ Epoch ” is the 
mitter is utilized is contemplated so as to generate signal at correlation output region for which all correlations are a 
radio frequency utilizing Alignment Transmitter E - 22-60 result of the same transmitted waveform from the same 
from the first antenna element of FIG . 22 labeled E - 21-10 . antenna element or antenna element structure . The second 
Then a delay in RF rather than digitally is utilized . E - 22-50a 25 Epoch is a delayed version of the first waveform transmitted 
providing for the same radio frequency signal to be ampli from a subsequent element or element structure and desig 
fied and transmitted from the next antenna element and so on nated E - 23B - 206 . The process continues until Epoch “ n ” is 
and so forth through delay E - 22-50n transmitted from detected with correlated output E - 23B - 20n . The detection 
Antenna Element E - 21 - a resulting in the same wave forms process may utilize all these signals combined in power so 
being generated for E - 21-70a through n . For configurations 30 as to allow for higher sensitivity detection . Furthermore , the 
of FIG . 21 , alternative embodiments as known for generat determination of the individual Epochs may utilize a coher 
ing distinct signals are contemplated . Furthermore , the input ent correlation of the values of each Epoch relative to the 
from Alignment Transmitters E - 21-60a through E - 21-60n values of subsequent Epochs so as determine Epoch 
may go into individual antenna elements as depicted or may boundaries based upon a common channel impulse response 
go into sub - arrays as previously discussed . They may per- 35 in some embodiments . 
form beam - forming operations based upon the provided data In determining the angle of arrival , if the same code 
( not shown in this figure ) or associated control interfaces ( delayed ) is transmitted for each Epoch , coherent integration 
( also not shown in this figure ) . However , such beam forming across the Epochs is possible to increase the overall perfor 
techniques are disclosed associated with related applications mance . Whereas in embodiments wherein separate codes are 
as discussed in other patents and patent applications previ- 40 transmitted for each Epoch ( simultaneously ) , the phase of 
ously incorporated herein by reference herein or as known in the detected signal at the peak of the correlations labeled by 
the art . E - 23B - 20a through E - 23B - 20n are determined and the 

Referring again to FIG . 22 such input signals generated phase of each subsequent detected in - phase and quadrature 
after each delay may be fed into an analog beam former ( real or imaginary values ) will be phase shifted or de - rotated 
referred to as a butler matrix prior to being delivered to 45 by the phase of the first detected peak , A - 23B - 20a resulting 
individual elements or sub - arrays associated with ancillary in a vector associated with Epoch 1 which is aligned on the 
elements previously disclosed either associated with a para real axis at zero phase but retaining the appropriate ampli 
bolic reflector or as sub - arrays of the antenna array imple tude of the signal without distortion . Said value used for the 
mentations either at E - band or at a lower band or another de - rotation of the phase is applied to the signal of Epoch 2 
band , common with the frequency of payload operation or as 50 through Epoch n . The combination of values , Epoch 1 
part of a hybrid configuration or for use only during initial through Epoch may be defined as a “ tuple ” and stored for 
alignment processes . subsequent processing as discussed . The detection period ( or 

FIG . 23A depicts an exemplary illustration of a parabolic integration period ) prior to the output of the correlator for 
dish antenna having a plurality of radial ancillary alignment each Epoch must be common for each Epoch . They may be 
antenna element and a receiving backhaul radio utilizing one 55 performed by a commutating transmitter one code at a time 
or more receiver for detecting the alignment waveform and one receiver at a time or they may be performed in 
according to some embodiments of the present invention . parallel and simultaneously . Alternatively , the duration of 
Referring now to FIG . 23A , an example of transmission any integration of the correlators associated with detecting 
from ancillary elements , in one embodiment , from a para each code either in parallel or sequentially will be configu 
bolic array E - 23 A - 10 , is depicted wherein an ancillary 60 rable in some embodiments or fixed in other embodiments . 
element transmits a signals from E - 23A - 40a . . . n , said Such configurations may be communicated in some embodi 
transmissions being associated with embodiments of a ments between the transmitter and the receiver , peer - to - peer 
through n providing for plurality of transmitted signals radios such that configuration is understood for use during 
without limitation wherein each signal may be a differing reception periods , and any commutating periods as appro 
alignment code such as Zadoff - Chu code as discussed . Such 65 priate . 
transmissions may be received by receive antenna E - 23A The specific integration time may be dependent upon 
20. In one embodiment the parabolic antenna reflector is oscillator phase noise and stability of the transmitter and the 
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receiver or maybe dependent upon the channel of propaga demonstrated . Such a situation may arise when a direct line 
tion between the transmitter and receiver and any Doppler of sight path is present at TD , however , a second path is 
effects or phase - distorting effects between the radios . present due to impingement upon the Fresnel zone creating 

Estimations of the channel stability may be made by the a second multi - path signal delayed and resolvable by the 
receiving radios and the correlation integration times per- 5 correlation process . Such an analysis may be done on each 
formed adaptively based upon determination by one or more Epoch individually or on the combined Epochs power result . 
of the transmitting or receiving radios , a network server or Such a power delay profile may be used to qualify the 
an application on one or more of the alignment assisting installation as discussed previously associated with the 
devices . Such coherence time adaptation allows for coherent installation flow diagrams wherein conditional qualification 
integration prior to correlation output and determination of 10 may include sufficient angular alignment but also sufficient 
the signal tuples . Subsequent sets of multiple signal tuples received power level above a noise floor in terms of signal 
being phase normalized may then be coherently combined to noise ration or signal to interference level but also qualifying 
improve the signal noise ratio of the signals and passed to an whether the Fresnel zone is free of multi - path propagation 
angle of arrival determination algorithm such as an inter causing signal quality degradation . Such multi - path may not 
ferometry approach or a correlation with an “ expected angle 15 be repairable based upon the specific waveforms being 
of arrival ” phase tuple representation , sometimes referred to utilized in a particular implementation . Such qualified 
as “ steering vectors ” where the received tuples are corre approval may be fed back to the network operations center 
lated against a set of multiple steering vectors indicating a or to a technician performing installation and may either be 
particular angle of arrival . Further interpolation may be denied commissioning and called a " qualified commission 
utilized associated with the correlations between the 20 ing ” or may be exempted utilizing an approval code from 
received tuple ( s ) and the steering vectors and a peak management or a bypass code . In other embodiments , 
received power for a particular array factor may be deter approval through a user interface that such an installation 
mined , wherein an array factor defines the peak power situation is deemed acceptable my be required , and ensuring 
received for a far field wave front at a particular angle of that a technician is aware of the channel conditions in certain 
arrival . For each steering vector , the array factor is shifted 25 embodiments . In other embodiments no bypassing of the 
such that the correlation of a particular tuple or integrated rejected “ qualified link ” may be possible and the technician 
tuple with each of the array factor vector steering vectors instructed to relocate the antenna so as to avoid either 
will result in a maximum correlation with a known angle of interference due to an increased noise floor or insufficient 
arrival . Multiple correlations between two or three “ peak ” peak correlated signal to noise floor or the like . In terms of 
steering vectors with a particular tuple or integrated tuple 30 an obstruction or diffracting structure or reflecting structure 
may be interpolated through least squared or spline inter within the Fresnel zone , such an indication may be deemed 
polation or other interpolation methods to refine the angle of a warning and a level of degradation of the link may be 
arrival performance . The output of the interpolation would indicated or such degradation exists but that little or no 
be one or more of an elevation and azimuth estimate of the impact to the channel link performance is currently deter 
alignment of the transmitting array relative to the receiving 35 mined . In other embodiments , it's determined that no impact 
antenna element . is currently expected , however , such information may be 

FIG . 23C provides an exemplary plot of receiver corre usable to determine what the risk of further changes to the 
lated alignment waveform power verses time for a combined environment may be , for instance an operating crane moving 
receiver time epoch output according to some embodiments on a continuous basis which may further impact the perfor 
of the present invention . Referring now to FIG . 23C , the 40 mance of the link at some future time . Other qualifications 
combination of multiple Epochs in power ( that is non may be made based upon received power over time . For 
coherent combination of each Epoch together ) results in the instance , if the power variation over time is occurring on a 
averaging of the power detected of each subsequent Epoch statistical level beyond a desired standard deviation or 
over some period of time to perform initial impulse response variance or an absolute threshold or other statistic then a 
detection . 45 warning or denial of commissioning may be generated to the 

FIG . 23C provides an example of such a detection process network operations center or in a report or otherwise to the 
where a threshold E - 23C - 20 is , in some embodiments , a technician to make adjustments . 
fixed threshold defining a signal noise ratio , where in other Other qualified commissioning criteria may include mea 
embodiments it is a dynamically set threshold based upon sured channel stability in terms of phase , channel impulse 
either a level below a peak detected signal , a level above a 50 response , power delay profile , poor signal - to - noise ratio 
noise floor or a combination of greater than a level above the beyond a certain level , variation of any of the parameters 
noise floor and a certain level below the peak detected power statistically , or other factors important to the reliability of a 
levels , whichever is greater . Other known threshold deter link including but not limited to absolute angle and elevation 
mination means from detection theory are contemplated as alignment . 
well . The threshold may be set based upon a desire for a 55 Referring again to FIG . 23A a particular tuple would 
certain false alarm rate or a desired minimum signal to noise result in a measurement of phase differences between each 
ratio associated with the detected signal , such signal noise of the transmitted waveforms E - 23A - 40a through E - 23A 
ratio being improvable through the averaging of multiple 40n , for example , but the specific power delay profiles 
Epochs , including repeated Epochs of the same transmitted would result in the qualification of the conditional commis 
antenna element . 60 sioning step and a potential warning , or denial of commis 

FIG . 23D provides an exemplary plot of receiver corre sioning . 
lated alignment waveform power verses time for a combined Additionally , the stability or consistency of the tuples 
receiver time epoch output according to some embodiments based upon subsequent measurements may be utilized to 
of the present invention , wherein multiple propagations determine channel stability and consequently the stability of 
paths of at least one alignment signal is detected . Referring 65 the mechanical structure . Such stability was discussed in 
now to FIG . 23D , a specific scenario in which multiple association with twist and sway related to FIGS . E - 4A and 
correlation peaks are detected within the same Epoch is E - 4B . Furthermore , the overall variation of the peak power 
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or the power of a particular selected received signal from an noise ratio or a signal not meeting other criteria . If the 
individual Epoch may be utilized to determine structure earliest signal is not qualified , processing returns to the 
stability . In other embodiments , the non - coherently com detection step E - 24-30 and feedback may be provided to the 
bined Epochs may be used to determine a level of acceptable individual technician to potentially correct deficiencies of 
mechanical variation . For example , if the received power 5 the configurations or parameters in the setup . If the signal is 
level of one or more of the Epochs of a selected signal varies qualified , the processing proceeds to Step E - 24-70 where the 
too much , commissioning may be denied to the technician in individual Epochs and detected , and sets of detected signals 
one embodiment . In some deployments , significant power are phase rotated ( or phase normalized ) , based upon the 
variation may indicate poor alignment , amplifying the phase of the first signal through a linear transformation such 
effects of any mechanical variation due to operation of the 10 as known in linear algebra , to rotate the vectors to a know 
antenna at steep portion of its radiation pattern . Such a reference alignment . For example , phase rotation of the first 
condition may indicate the need for alignment . resolved value of the tuple to 0 degrees , and the subsequent 

If the mechanical vibration or twist or sway of the elements of the tuple being shifted the same amount . 
structures of mounting one of the receiver or the transmitter In one embodiment , the tuples may be coherently com 
is too large for the intended beam width , significant detected 15 bined for some period of time to improve signal / noise ratio . 
signal parameter variation may also be present . For example , Since they have been phase de - rotated , the coherence of the 
in a perfect alignment where twist and sway is occurring , the channel is no longer an issue . 
power received should vary symmetrically and be an indi Next in a particular embodiment , the angle of transmis 
cation based upon the distribution of the power levels . sion relative to the detected signal is determined . The 
Whereas if the power levels are varying very dramatically 20 terminology of angle of arrival versus “ angle of transmis 
with much less symmetry in the detected values statistically , sion ” being used interchangeably throughout this applica 
this may be an indication of misalignment . tion . 

In further embodiments , the accelerometers associated The determination means may be through , as explained , 
with the alignment assisting devices either integrated or techniques such as utilizing an array of steering vectors and 
applied to the receiving and / or transmitting paired radio may 25 a least means squared fit to those vectors further interpola 
be utilized to determine mechanical variation or vibration as tion techniques to refine a predicted angle of transmission 
well as twist and sway . and a calculation of adjustments to be performed for 

Values of the sensors of the alignment assisting devices improved alignment . 
may be utilized individually or together from each radio as In one embodiment , an absolute angle in elevation and 
part of a “ conditional commissioning process ” and indicate 30 azimuth is provided to the technician at the transmitting 
to a user that their spot of mounting is not mechanically antenna , so as to make one adjustment for bore sight 
stable enough . Any and all of the foregoing techniques may alignment . 
be utilized individually or together . In other embodiments , multiple estimates may be per 

FIG . 24 depicts an exemplary embodiment of receiver formed and subsequent adjustments for each estimate pro 
processing steps for use during some embodiments of trans- 35 vided to the technician . 
mission antenna alignment to one or more intended receiv In one embodiment , in which a single code is transmitted , 
ers . Referring now to FIG . 24 , an example of one embodi multiple measurements may be utilized so as to determine 
ment of an angle of arrival determination process utilizing the gradient of the transmitting antenna pattern , and a 
the detected alignment signals in coordination with configu steepest “ ascent " algorithm utilized to maximize received 
ration from a transmitting device is disclosed in further 40 power and determine alignment , through multiple interac 
detail . In Step E - 24-10 the receiving device determines the tions with the technician . 
configuration in terms of the number of correlation zones or In the some embodiments , the phase de - rotated vectors or 
Epochs , the numbers of signals to be transmitted , the spe “ tuples ” may be coherently integrated prior to interferomet 
cific codes used for transmission and their relative configu ric techniques or prior to the least means squared or maximal 
ration ( 1 through n ) or other parameters as discussed . 45 likelihood techniques associated with steering vectors . In 
Further communicated configuration information may alternative embodiments , each tuple may be stored and 
include channel of operation , bandwidth of operation , data techniques utilized to predict the angle of arrival ( transmis 
rate or configuration of a dedicated hardware modem in sion ) , such as super resolution techniques , MUSIC , ARMA , 
terms of utilizing transmitted symbols or sets of symbols as or other parameterized angle of arrival determination tech 
bits within a larger alignment code or the like . 50 niques , sometimes referred to as subspace techniques . 

In Step E - 24-20 , an agreement to start detection in one Such techniques and some embodiments do not require 
embodiment is made between the transmitter and the the phase de - rotation of the vectors prior to determining the 
receiver or otherwise detection is begun by manual entry or tuples . Each set of tuples may be stored without de - rotation 
some other method . In Step E - 24-30 , signal detection is and provided to an angle of arrival estimation algorithm 
performed and processing then proceeds to E - 24-40 where 55 such as music or root music . 
the determination of specific Epochs of the detected signal Such techniques are referred to as parameterized tech 
is performed as discussed , and processing proceeds to E - 24 niques and the number of known signals must be determined 
50. In step E - 24-50 , the earliest signal is determined from prior to their use , for example the selection of the number of 
the power delay profile or from an individual Epoch ( which Eigenvalues associated with angle of arrival determination 
may not necessarily be the largest or most powerful signal . ) 60 must be determined . The power delay profile may be utilized 
In some scenarios the detected signal may be a smaller to identify the number of signals present in the multipath to 
signal , but occurring earlier . Based upon detection criteria delay profile of the wireless channel , which may be done on 
discussed herein or elsewhere within the incorporated ref a per Epoch basis or collectively in the overall non - coher 
erences , processing then proceeds to E - 24-60 , wherein the ently integrated power delay profile . 
specific detected earliest signal is qualified . The qualifica- 65 When multiple peaks exist above a certain threshold , 
tion may the conditional commissioning discussed , or may individual signals are determined to be equal to the number 
be a qualification of some subset , such as minimum signal of peaks or otherwise resolvable signals . The number of 
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peaks may be used to determine the number of signals to be wherein the alignment assisting device comprises a detec 
detected for the parameterized models . Such parameters in tor for measuring orientation adjustments of the back 
terms of the number of expected signals are provided as haul radio in azimuth and elevation ; 
inputs , for example to the parameterized angle of arrival wherein at least one of the one or more processors 
determination method such as music or root music . Such 5 controls the selection of the plurality of selectable techniques provide for significantly enhanced resolution and radiation patterns and stores the determined signal in many cases are shown to be superior to periodogram or properties for each of the plurality of selectable radia other angular spectrum analysis techniques , and have been tion patterns ; shown to be equivalent to high performance , interferometric wherein the alignment assisting device coordinates with at techniques . least one of the one or more processors to provide an Embodiments of the invention may also be used with indication of an alignment adjustment to a user of the fixed wireless access ( FWA ) radios . 

Although a number of possible implementations have alignment assisting device , and 
been mentioned , these are presented merely for the sake of wherein the interface to couple at least one of the one or 
explanation and teaching , and are not limitative . Moreover , 15 more processors to an alignment assisting device com 
an implementation of an apparatus that falls within the prises one or more of : 
inventive concept does not necessarily achieve any of the an internal buss interface ; 
possible benefits outlined above : such benefits are dependent a Bluetooth interface ; 
on the specific use case and specific implementation , and the a Wi - Fi interface ; 
possible benefits mentioned above are simply examples . a serial interface ; and 

Although the concepts have been described above with a USB interface . 
respect to the various embodiments , it is noted that there can 2. The backhaul radio of claim 1 , wherein the detector is 
be a variety of permutations and modifications of the one of an accelerometer , a gyroscope , and an electronic 
described features by those who are familiar with this field , compass . 
only some of which have been presented above , without 25 3. The backhaul radio of claim 1 , wherein the alignment 
departing from the technical ideas and scope of the features , assisting device is a smart phone comprising a GPS receiver , 
which is defined by the appended claims . an accelerometer , a magnetic compass , a cellular radio , a 

Further , while this specification contains many features , Wi - Fi radio , a Bluetooth radio , and a display . 
the features should not be construed as limitations on the 4. The backhaul radio of claim 1 , wherein the alignment 
scope of the disclosure or the appended claims . Certain 30 assisting device comprises a GPS receiver for use in course 
features described in the context of separate embodiments alignment with the second backhaul radio . 
can also be implemented in combination . Conversely , vari 5. The backhaul radio of claim 1 , wherein the alignment 
ous features described in the context of a single embodiment assisting device comprises a GPS receiver for use in course 
can also be implemented in multiple embodiments sepa alignment with the second backhaul radio . 
rately or in any suitable sub - combination . 6. The backhaul radio of claim 1 , wherein the alignment 

Although the drawings describe operations in a specific assisting device comprises a cellular radio . 
order and / or show specific arrangements of components , and 7. A backhaul radio comprising : 
are described in the context of access segments of data one or more antenna structures collectively having a 
centers , one should not interpret that such specific order plurality of selectable radiation patterns for detecting 
and / or arrangements are limited , or that all the operations 40 alignment signals ; 
performed and the components disclosed are needed to one or more receivers configured to receive the alignment 
obtain a desired result . There are numerous hardware and signals from the one or more antenna structures and 
software devices that can be configured to forward data units provide received signals ; 
in the manner described in the present disclosure with one or more processors for processing the received signals 
respect to various embodiments . Accordingly , other imple- 45 to determine signal properties , wherein at least one of 
mentations are within the scope of the claims that follow . the one or more processors are coupled to at least one 

of the one or more receivers to receive said received 
What is claimed is : signals ; 
1. A backhaul radio comprising : an interface to couple at least one of the one or more 
one or more antenna structures collectively having a 50 processors to an alignment assisting device ; 

plurality of selectable radiation patterns for detecting wherein the alignment signals are transmitted from a 
alignment signals ; second backhaul ratio during an alignment process ; 

one or more receivers configured to receive the alignment wherein the alignment assisting device coordinates 
signals from the one or more antenna structures and between the backhaul radio and the second backhaul 
provide received signals ; radio during the alignment process ; 

one or more processors for processing the received signals wherein the alignment assisting device comprises a detec 
to determine signal properties , wherein at least one of tor for measuring orientation adjustments of the back 
the one or more processors are coupled to at least one haul radio in azimuth and elevation ; 
of the one or more receivers to receive said received wherein at least one of the one or more processors 
signals ; controls the selection of the plurality of selectable 

an interface to couple at least one of the one or more radiation patterns and stores the determined signal 
processors to an alignment assisting device ; properties for each of the plurality of selectable radia 

wherein the alignment signals are transmitted from a tion patterns ; 
second backhaul radio during an alignment process ; wherein the alignment assisting device coordinates with at 

wherein the alignment assisting device coordinates 65 least one of the one or more processors to provide an 
between the backhaul radio and the second backhaul indication of an alignment adjustment to a user of the 
radio during the alignment process ; alignment assisting device ; and 
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wherein the plurality of selectable radiation patterns com alignment signals within a main radiation lobe of a selected 
prise at least a narrow pattern and a wide pattern . second of the plurality of selectable radiation patterns . 

8. The backhaul radio of claim 1 , wherein the alignment 19. The backhaul radio of claim 17 , wherein the super - fine 
processes comprises the determination of the signal proper alignment phase comprises optimizing the orientation of the 
ties for one of the plurality of selectable radiation patterns 5 backhaul radio so as optimize the detection of a portion of 
over multiple orientation adjustments for use in determining the alignment signals within the main radiation lobe of a of the alignment adjustment . second selected one of the plurality of selectable radiation 9. The backhaul radio of claim 8 , wherein the determining patterns . of the alignment adjustment comprises a gradient algorithm . 20. The backhaul radio of claim 1 , wherein at least two of 

10. The backhaul radio of claim 8 , wherein the determin- 10 the plurality of selectable radiation patterns are selected , at ing of the alignment adjustment comprises a least squares fit 
to a known antenna radiation pattern . least in part , utilizing two different carrier frequencies for 

the detected alignment signals . 11. The backhaul radio of claim 9 , wherein gradient 
algorithm comprises a steepest decent algorithm . 21. The backhaul radio of claim 1 , wherein at least two of 

12. The backhaul radio of claim 9 , wherein gradient 15 the plurality of selectable radiation patterns are selected , at 
algorithm comprises a steepest assent algorithm . least in part , utilizing a single carrier frequency for the 

13. A backhaul radio comprising : detected alignment signals , but utilizing differing antenna 
one or more antenna structures collectively having a structures . 

plurality of selectable radiation patterns for detecting 22. The backhaul radio of claim 1 , wherein at least one of 
alignment signals ; 20 the one or more processors processes the received signals 

one or more receivers configured to receive the alignment derived utilizing at least two of the plurality of selectable 
signals from the one or more antenna structures and radiation patterns to determine angle of arrival information 
provide received signals ; of the alignment signals determined using the sign prop 

one or more processors for processing the received signals erties . 
to determine signal properties , wherein at least one of 25 23. The backhaul radio of claim 22 , wherein the at least 
the one or more processors are coupled to at least one one of the one or more processors provide the angle of 
of the one or more receivers to receive said received arrival information to the alignment assisting device to signals ; provide the indication of the alignment adjustment to a user an interface to couple at least one of the one or more of the alignment assisting device . processors to an alignment assisting device ; 24. The backhaul radio of claim 22 , wherein the deter wherein the alignment signals are transmitted from a mination of angle of arrival information utilizes one or more second backhaul radio during an alignment process ; of : wherein the alignment assisting device coordinates 
between the backhaul radio and the second backhaul interferometry between at least two separate receive 
radio during the alignment process ; antenna elements ; 

wherein the alignment assisting device comprises a detec a super - resolution algorithm ; 
tor for measuring orientation adjustments of the back Eigen analysis ; 
haul radio in azimuth and elevation ; MUSIC analysis ; 

wherein at least one of the one or more processors a parametric angle of arrival estimation ; 
controls the selection of the plurality of selectable 40 a periodogram based algorithm ; 
radiation patterns and stores the determined signal a Fourier based analysis . 
properties for each of the plurality of selectable radia 25. The backhaul radio of claim 1 , wherein the alignment 
tion patterns ; signals transmitted from the second backhaul radio during 

wherein the alignment assisting device coordinates with at the alignment processes differ in frequency during different 
least one of the one or more processors to provide an 45 phases of the alignment processes . 
indication of an alignment adjustment to a user of the 26. The backhaul radio of claim 1 , wherein the alignment 
alignment assisting device ; and signals transmitted from the second backhaul radio during 

wherein the alignment process comprises multiple phases the alignment processes differ in modulation properties 
including at least a course alignment phase . during different phases of the alignment processes . 

14. The backhaul radio of claim 13 , wherein the alignment 50 27. The backhaul radio of claim 1 , wherein the measure 
process comprises at least a fine alignment phase . ments of orientation adjustments of the backhaul radio in 

15. The backhaul radio of claim 14 , wherein the alignment azimuth and elevation , are utilized by at least one of the one 
process comprises at least a super - fine alignment phase . or more processors to determine a gradient usable to esti 

16. The backhaul radio of claim 13 , wherein the course mate the alignment indication . 
alignment phase comprises orientation of the backhaul radio 55 28. The backhaul radio of claim 1 , wherein the measure 
so as enable the detection of at least a portion of the ments of orientation adjustments of the backhaul radio in 
alignment signals within a main radiation lobe of a selected azimuth and elevation , are associated with requests to the 
one of the plurality of selectable radiation patterns . user of the alignment assisting device for orientation adjust 

17. The backhaul radio of claim 16 , wherein the fine ments for the purpose of deriving the gradient . 
alignment phase comprises optimizing the orientation of the 60 29. The backhaul radio of claim 1 , wherein the indication 
backhaul radio so as optimize the detection of the portion of of the alignment adjustment to a user of the alignment 
the alignment signals within the main radiation lobe of the assisting device further comprises instructing the user to 
selected one of the plurality of selectable radiation patterns . make a manual adjustment to the orientation of the backhaul 

18. The backhaul radio of claim 16 , wherein the fine radio , following by an indication to the user when the 
alignment phase comprises orientation of the backhaul radio 65 adjustment to the orientation has been completed . 
based upon the detection of the portion of the alignment 30. The backhaul radio of claim 1 , wherein the alignment 
signals so as enable the detection of at least a portion of the assisting device comprises : 
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59 
an internal alignment assisting device ; 
an external alignment assisting device ; and 
a hybrid alignment assisting device . 
31. The backhaul radio of claim 13 , wherein the interface 

to couple at least one of the one or more processors to an 5 
alignment assisting device comprises one or more of : 

an internal buss interface ; 
a Bluetooth interface ; 
a Wi - Fi interface ; 
a serial interface ; and 
a USB interface . 
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