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Wireless communication systems often operate under the conditions of 

multipath propagation. Multipath is primarily the result of reflections and 

diffraction from objects in the overlapping regions covered by the transmitting and 

receiving antenna patterns. High data rate communication systems may be subject 

to detrimental intersymbol interference caused by this multipath. As the symbol 

rate increases, the multipath from one symbol affects the next symbol, making it 

impossible to identify the desired symbol and therefore determine its information 

content. The multipath effect may also be observed by examining the frequency 

domain characteristics of the channel. Multipath causes channel transfer function 

to have frequency-dependent responses, thus affecting the amplitude and phase 

modulation content of a received signal. Symbols with high information content 

are difficult to separately identify when even small amplitude and phase shifts 

exist across the modulation bandwidth of the signal. 

Many modulation techniques have been used independently, and m 

combinations, to ameliorate or avoid intersymbol interference. 

A common technique uses equalization placed at the receiver, transmitter, 

or both. These equalization techniques are designed to calculate a channel 

correction in the time and/or frequency domain, thus acting to cancel or correct the 

multipath effects. Correct symbol identification decisions may also be used to 

estimate the channel at subsequent times. 

A second modulation method uses Orthogonal Frequency Division 

Multiplexing (OFDM) modulation to greatly increase the symbol time, thus 

preventing a delayed symbol from affecting the desired symbol. OFDM operates 

by coding a series of bits into a set of modulated orthogonal sub-carriers, thus 

producing a symbol to be transmitted. The transmitted OFDM symbol usually 
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includes a guard interval containing a cyclic extension of the basic symbol. If a 

guard interval is used, it is designed to be longer than the expected multipath delay 

spread of the channel. OFDM is usually generated using an IFFT, and received 

using an FFT. Techniques to establish the correct timing of the FFT blocks, and 

channel correction techniques for multipath delay spread less than the guard 

interval are well known. A common method is to use a complex correction value 

for each OFDM sub-carrier. The magnitude of the complex correction value is 

obtained from the inverse of the sub-carrier magnitude, and the phase is 

determined from a linear regression of the phasee of pilot sub-carriers and other 

signals in training symbols. 

A third modulation method uses spread spectrum techniques to encode a bit 

into a long coded sequence having a narrow autocorrelation function. The spread 

spectrum receiver uses devices such as a RAKE receiver with cross correlators to 

identify and use individual multipath signals arriving at the receiver. 

Other modulation techniques rely on rapidly changing channels to produce 

an adequate signal at a different time. For example, see the John Bingham paper. 

In general, the modulation methods described in the above paragraphs use 

time and frequency diversity. The modulation systems spread the information over 

a band of frequencies or in time to provide improved performance under multipath 

conditions and are highly effective at reducing multipath up to their design 

constraints. 

In addition to modulation techniques, antennas are used to ameliorate the 

effects of multipath. A subset of these methods is commonly referred to as spatial 

division techniques. Transmitting antennas with narrow beamwidth reduce the 

multipath reflected from objects by not illuminating those objects. Only local 
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diffraction and reflection from objects behind the receiving antenna remain to 

produce multipath. A receiving antenna with a narrow beamwidth helps to reduce 

some remaining multipath, with the disadvantage that the user must know, or the 

receiver must calculate, the direction of the arriving direct path and multipath 

signals. Spatial division techniques are performed with single or multielement 

transmitting and receiving antennas. Some multielement antennas are also referred 

to as phased array antennas. Multielement transmitting antennas are advantageous 

for several reasons. Multielement transmitting antennas distribute required average 

signal power over a number of separate low power power amplifiers, thus 

reducing the complexity of each of the power amplifiers. Multielement 

transmitting and receiving antennas have the advantage of reducing or eliminating 

antenna pointing requirements. Phased arrays are capable of providing flexible 

antenna patterns, and are capable of simultaneously transmitting and receiving in 

several directions using the same antenna aperture. Due to this flexibility, and the 

other advantages described, phased arrays are very helpful in the reception and 

amelioration of signals which are affected by multipath propagation. 

Antenna spatial diversity is a second subset of antenna techniques used to 

reduce multipath. Multiple transmitting antennas, spaced by more than a 

wavelength, have the ability to produce different amplitude and phase shifts over 

the frequency band used. Computation or selection of the received signals from 

the antennas may be used to establish one or more paths between the transmitting 

and receiving sites. In addition, the SNR may be improved by combining signal 

paths coherently, or errors reduced in multiple post-detection decoders. Coherent 

combining techniques overlap spatial division techniques, because coherent 
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combining enhances antenna patterns in some directions and minimizes the pattern 

in other directions. 

Antenna processing techniques are also used to take advantage of 

multipath. In an extension of spatial diversity, multiple transmitting antennas 

having spacing of more than a few wavelengths are used to illuminate scattering 

areas with slightly different wavefronts. The separate transmit signals diffract or 

reflect off the illuminated areas, and a receive antenna array receives each 

multipath signal. In effect, the scattering regions become a very poor, yet very 

large, pseudo-lens illuminated by the distant transmitting antennas. A large 

pseudo-lens has the ability to resolve closely spaced distant points, as determined 

by the Aires Disk of the effective pseudo-lens aperture. Receive signal processing 

acts to correct the phase and amplitude errors of the large pseudo-lens. The 

number of separate possible paths between the transmitter and receiver is 

determined by the rank of the matrix establishing the paths between the transmitter 

and receiver antennas. This rank is determined by the richness of the scattering 

paths and the number of receiving and transmitting antennas. When the rank is 

high, it is possible to provide high spectral efficiency as measured in bits per 

second per Hz. 

All of the antenna signal processing techniques described are limited by a 

fundamental capability of the average-power-limited transmitter to adequately 

transmit the signals to the receiver. Shannon's Capacity Theorem determines the 

bit rate capacity of each of the effective multipath channels between the 

transmitter and receiver. For example, in a multipath channel with equal-amplitude 

direct and reflecting paths, an identical minimum signal to noise ratio (SNR) is 

required for each received path. Adequate received signal power must be available 
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to maintain the SNR above this minimum value. The SNR may be increased by 

increasing the average transmitter power, by directing greater power at the receiver 

and at the scattering object, or by gathering more power at the receiver using a 

larger receiver antenna aperture. In the case of a larger receive antenna aperture, a 

multielement large aperture receive antenna may be used in combination with 

signal processing to separately extract user data from each multipath. At the 

transmitting site, single element antennas or multielement transmit antennas with 

array signal processing are well known and capable of directing power in specific 

directions. 

Equalization techniques are usually limited by the capability to estimate 

and correct the channel. Some difficulty is caused by the changing nature of the 

multipath channel. Computation of multipath correction made at the receiver must 

be repeated if the channel changes. Examples of multipath changes are trees 

moving in the wind, and nearby vehicular traffic. These changes have time scales 

ranging from a few milliseconds to a few seconds, depending on environmental 

conditions. 

All of the equalization techniques described have an effect on the 

complexity of transmitters and receivers. As signal processing costs are reduced, 

techniques involving greater computation are preferred over those requiring more 

transmitter power. Desirable techniques generally attempt to place computation 

complexity at the location least subject to complexity restrictions, such as the base 

station in a cellular system. 

Many materials are electromagnetically isotropic, a property resulting from 

symettry in their associated permittivity and permeability tensors. The Lorentz 

Reciprocity Theorem applies to such materials. Refraction and dielectric reflection 
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from materials therefore often show reciprocity, or equivalence of forward and 

reverse channel characteristics. Diffraction and reflection is inherently reciprocal 

due to minimal media affecting the electromagnetic wave. Reciprocity has been 

used to determine the channel characteristics required to pre-equalize a transmitted 

path. The use of a reciprocal channel is most useful when Time Division Duplex 

channels are implemented. 

Although the techniques described greatly improve the capacity of the 

wireless system to carry information, there are remaining difficulties. Channel 

equalization of high symbol rate systems requires many taps in a transversal filter, 

or requires long IFFT /FFTs to be calculated. Low symbol rate systems such as 

OFDM are very robust to a designed level of multipath delay spread, by providing 

a guard interval longer than the longest expected multipath delay spread. However, 

this potentially long guard interval in OFDM primarily sets the time duration of 

the FFT processing step in OFDM. A long guard interval reduces capacity, and 

long FFT processing increases latency. Long FFTs require data to be placed in 

large blocks, or zero-padded, adding overhead if few bits need to be sent. Spread 

spectrum systems lose the orthogonality of sequences when multipath is present, 

reducing capacity. Transmit spatial division antenna processing is capable of 

eliminating some highly-delayed multipath, but is not capable of eliminating 

retroreflected multipath. Spatial receive diversity techniques increase the 

reliability, and potentially the capacity of the channel, with a disadvantage that 

antenna signal processing at the receiving site is required. Receive antenna signal 

processing usually requires separate receive antennas and receivers for each path. 

The combination of OFDM and other techniques has been shown, for 

example, see the Wi-Lan patent OFDM-w/o GI, Harris patent OFDM with cross-
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correlating equalizer in Rx. The transmitter described by Wi-LAN uses a 

measurement of the differential channel amplitude and estimates the differential 

channel phase based on the assumption of a minimum phase multipath 

characteristic. A training signal and guard interval are not required. However, 

multiple point channel equalization is not possible within a single OFDM sub­

channel. This limits the maximum delay spread to approximately the symbol 

duration. The Harris OFDM equalizer requires two symbols to be transmitted per 

desired symbol. 

None of the above-described systems provide equalization for large delay 

spread when the radio chipsets and associated physical layer standards do not 

include amelioration of these long delay spreads. 

The present invention provides an improved system considering the stated 

shortcomings. 

In accord with certain aspects of this invention a wireless communication 

system is provided which is capable of operating in multipath conditions. In 

accord with certain aspects of this invention methods and arrangements are 

provided that significantly minimize the complexity of signal processing required 

at the receiver, and use single or multiple receive antennas. Some conventional 

techniques teach the use of OFDM signal sequences to correct for multipath 

effects due to multipath delay spread shorter than the guard interval. A new 

wireless system described here uses a novel combination of new and known 

techniques to reduce the complexity of signal processing at the receiver. The signal 

processing combination described in this disclosure uses transmitter antenna 

spatial division processing, antenna diversity processing, receiver OFDM sub­

carrier equalization techniques, and an OFDM pre-equalization technique. The 
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OFDM pre-equalization technique acts essentially within the frequency band of 

each OFDM sub-carrier to pre-equalize the multipath channel to handle multipath 

delay spread greater than the delay protection provided by some conventional 

techniques OFDM signal processing. Receiver OFDM equalization corrects 

multipath effects less than the guard interval. The novel pre-equalization technique 

uses substantially known training sequences contained within a reverse link 

received OFDM burst. The substantially known training sequences are not part of 

the header and equalization sequences provided for in the chipset or standard. 

OFDM symbols substantially less than those required by some conventional 

techniques may be transmitted. 

Referring to Fig. 1, the overall processing steps are shown and described in 

the following example. A set of coded user data may comprise 96 bits. The bits are 

applied in pairs to an OFDM processor, which generates a QPSK modulation 

value on each of 48 OFDM sub-carriers. The OFDM modulated sub-carriers, 

output from the OFDM IFFT, are coupled to a pre-equalization processor, which 

may consist of a tapped transversal filter, or FFT /multipliers/IFFT filter of length 

on the order of the longest expected multipath. The complex coefficients of the 

tapped filter, or the complex multiplier values may be derived from the complex 

cross-correlation of the known OFDM signal sequences and the sequences 

received from the reverse path signal. The result of a sample cross-correlation 

output is shown in Fig. 2, indicating a multipath delay spread greater than the 

OFDM guard interval used. Well known techniques are used to invert the 

measured channel response so that the transmitter pre-equalization and the channel 

response error substantially cancel. Thus, the OFDM receiver receives a signal 

essentially free of multipath signals longer than the guard interval, and is able to 
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output coded user data with correctable errors. These correctable errors are 

corrected using well known error control coding techniques. 

The typical guard interval used in an OFDM system is a small portion of 

the overall symbol time. For example, an OFDM symbol time of 10 microseconds 

results from a 64 subcarrier OFDM system operating in a 6.4 MHz bandwidth. A 

guard interval may be chosen to be 1 microsecond to reduce overhead. Delay 

spread is the time diference between the first and last arriving multipath. In this 

example, the first and last arriving multipaths must arrive within 1 microsecond of 

each other to allow conventional OFDM reception to take place. Retroreflected 

multipath from 1 km behind the receiver results in approximately 6.6 

microseconds of delay spread. This composite signal cannot be handled by 

conventional OFDM reception using a 1 microsecond guard interval. 

When a phased array is used to ameliorate the effect of multipath, antenna 

element coefficients may be determined by evaluating, for example, the Discrete 

Fourier Transform of the signals received on the elements of the phased array. 

Referring to Fig. 3, the effect of a direct and multipath signal is shown. After 

computation using an FFT to derive the angular distribution of received signals, 

and cross-correlation with known sequences is performed, the delay and angle of 

arrival of the direct and mutipath signal may be determined. Fig. 4 shows the 

result of this calculation. In some cases the direct and multipath signals may be 

combined to improve the SNR. In the case shown, the additional delay of a 

multipath signal exceeds the guard interval used in the OFDM modulation. 

Knowing that the channel is reciprocal allows a pre-equalization of the signals 

applied to the phased array during forward path transmission. Alternatively, the 

pre-equalized signals may be applied at only one angle. In this case, pre-
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equalization is unnecessary. In some cases two delays, in the same direction, are 

determined from cross-correlation. This may be the result of retroreflected 

multipath. Pre-equalization is then used to correct the channel. 

In cases where only a few transmit antennas are used, transmit antenna 

diversity may be implemented in place of phased array processing. The reverse 

link processing shown in Fig. 1 determines from measurements of the reverse link 

the best antenna to be used for reception. SNR, cross-correlation of the known 

sequences, or other measurements may be made. Multipath signals longer in 

duration than the guard interval may be present. A determination is made as to 

which antenna to select for the transmission of the pre-equalized signals. Pre­

equalization and diversity then reduce the multipath signals at the receiver to a 

level which allows the detection of user data with correctable errors. Alternatively, 

transmit diversity may be implemented using simultaneous transmission of coded 

user data on the diversity antennas. In cases where many transmit elements are 

used, transmit antenna diversity may be implemented in combination with phased 

array processmg. 

For example, a system may be produced which generates two simultaneous 

beams illuminating separate areas of a multipath environment. The transmit 

signals applied to the two antennas are adjusted in phase and amplitude to produce 

a signal at the receiver which is substantially free of multipath greater in delay 

than the guard interval. If a strong composite signal is received still containing 

large delay spread, pre-equalization techniques may be applied at the transmitters 

driving the two beams to ameliorate the long delay spread of one or both of the 

multipaths. The system may be expanded to include antenna patterns other than a 
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dual beam approach. The transmitted pattern may be determined by the incident 

reverse path power pattern. 

The reverse path transmission of substantially or perfectly known training 

signals is accomplished by enclosing the signals in the data or payload section of 

the OFDM symbols. The training signals may take a number of modulated forms, 

such as spread spectrum signals or OFDMA signals. The information required to 

perform the desired modulation is applied to the payload portion of the symbols, 

as differentiated from the header portion of the signal. 

Cross-correlation, FFT processing and filtering may be produced by various 

means. For example, it is possible to combine OFDM FFT processing and pre­

equalization filtering. Cross-correlation is best performed in the frequency domain 

using the previously calculated DFTs of the known OFDM signal sequences. The 

resulting calculations reduce to the calculation of a single FFT and a set of 

multiplications. Many other signal processing techniques are known and may be 

used. 

Other implementations of this invention may be derived from the disclosed 

contents of this invention. By way of example, a practitioner may implement a 

high data rate communication system using separately calculated multipaths, all 

paths transmitting on the same frequency. Another implementation may use 

receiver OFDM channel equalization for delays greater than the guard interval, 

improving performance. A reverse channel quality indicator, or the measured 

forward channel impulse response, may be transmitted on the reverse path when 

channel reciprocity is not available. Such a system can be useful when Frequency 

Division Duplex or Half Frequency Division Duplex is used. In Frequency 

Division Duplex systems, short training signals may be periodically transmitted 
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usmg Time Division Duplex on each of the frequencies used for Frequency 

Division Duplex. Multiple RF signals, operating on the same and different 

frequencies, may be simultaneously transmitted and received. The operation of the 

described wireless system on the forward path may be similarly implemented in a 

wireless system on the reverse path. 

Thus, a wireless communication system operating in substantially 

reciprocal multipath conditions has been described. Certain exemplary 

implementations have a receiving system that includes one or more receive 

antennas coupled to one or more OFDM receivers. Preferably, each OFDM 

receiver has a guard interval shorter than the longest expected multipath delay 

spread. Intersymbol interference caused by multipath delay spread greater than 

the OFDM guard interval can be advantageously reduced using transmit spatial 

division processing, transmit spatial diversity processing and/or transmit pre­

equalization. 

Further examples: 

1. A wireless communication system operating under substantially 

reciprocal multipath conditions may include a coded user data source, a forward 

path transmitter coupled to the data source, the transmitter generating pre­

equalized OFDM signal sequences, a forward path transmitting antenna arranged 

to convert the OFDM signal sequences into electromagnetic waves directed 

towards an intended forward path receive antenna, the forward path receive 

antenna arranged to receive the electromagnetic waves affected by multipath 

conditions, a forward path receiver coupled to the forward path receive antenna, 
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the receiver processing received OFDM signal sequences, the received OFDM 

signal sequences including modifications caused by multipath conditions, to 

output the coded user data with correctable errors, a reverse path substantially 

electromagnetically reciprocal to the forward path, the pre-equalized OFDM signal 

sequences calculated to provide multipath protection in the forward path for 

multipath delay spread greater than the guard interval used in the OFDM signal 

sequence, the pre-equalized OFDM signal sequences calculated using information 

obtained by processing training signals propagated on the reverse path, the 

training signals contained in the data or payload portion of the reverse path OFDM 

symbols. 

2. A wireless communication system operating under substantially 

reciprocal multipath conditions may include a coded user data source, at least one 

forward path transmitter coupled to the data source, the transmitter or transmitters 

generating pre-equalized OFDM signal sequences, a plurality of forward path 

transmitting antennas, coupled to the forward path transmitter or transmitters, 

arranged to convert the OFDM signal sequences into electromagnetic waves 

directed towards an intended forward path receive antenna, the forward path 

receive antenna arranged to receive the electromagnetic waves affected by 

multipath conditions, a forward path receiver coupled to the forward path receive 

antenna, the receiver processing received OFDM signal sequences, the received 

OFDM signal sequences including modifications caused by multipath conditions, 

to output the coded user data with correctable errors, a reverse path substantially 

electromagnetically reciprocal to the forward path, the pre-equalized OFDM signal 

sequences calculated to provide multipath protection in the forward path for 
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multipath delay spread greater than the guard interval used in the OFDM signal 

sequence, the pre-equalized OFDM signal sequences calculated using information 

obtained by processing training signals propagated on the reverse path, the 

training signals contained in the data or payload portion of the reverse path OFDM 

symbols, the plurality of forward path transmitting antennas arranged to provide 

transmit diversity. 

3. A wireless communication system operating under substantially 

reciprocal multipath conditions may include a coded user data source, a forward 

path transmitter coupled to the data source, the transmitter generating pre­

equalized OFDM signal sequences, a forward path phased array processor coupled 

to the transmitter, the processor arranged to convert the OFDM signal sequences 

into forward path phased array signals, a forward path phased array antenna 

coupled to the forward path phased array processor, the antenna arranged to 

convert the forward path phased array signals into electromagnetic waves directed 

towards an intended forward path receive antenna, the forward path receive 

antenna arranged to receive the electromagnetic waves affected by multipath 

conditions, a forward path receiver coupled to the forward path receive antenna, 

the receiver processing received OFDM signal sequences, the received OFDM 

signal sequences including modifications caused by multipath conditions, to 

output the coded user data with correctable errors, a reverse path substantially 

electromagnetically reciprocal to the forward path, the pre-equalized OFDM signal 

sequences calculated to provide multipath protection in the forward path for 

multipath delay spread greater than the guard interval used in the OFDM signal 

sequence, the pre-equalized OFDM signal sequences calculated using information 
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obtained by processing training signals propagated on the reverse path, the 

training signals contained in the data or payload portion of the reverse path OFDM 

symbols. 

4. A wireless communication system operating under substantially 

reciprocal multipath conditions may include a coded user data source, at least one 

forward path transmitter coupled to the data source, the transmitter or transmitters 

generating pre-equalized OFDM signal sequences, at least one forward path 

phased array processor coupled to the transmitter or transmitters, the processor or 

processors arranged to convert the OFDM signal sequences into forward path 

phased array signals, a plurality of forward path phased array antennas coupled to 

the forward path phased array processor or processors, the antennas arranged to 

convert the forward path phased array signals into electromagnetic waves directed 

towards an intended forward path receive antenna, the forward path receive 

antenna arranged to receive the electromagnetic waves affected by multipath 

conditions, a forward path receiver coupled to the forward path receive antenna, 

the receiver processing received OFDM signal sequences, the received OFDM 

signal sequences including modifications caused by multipath conditions, to 

output the coded user data with correctable errors, a reverse path substantially 

electromagnetically reciprocal to the forward path, the pre-equalized OFDM signal 

sequences calculated to provide multipath protection in the forward path for 

multipath delay spread greater than the guard interval used in the OFDM signal 

sequence, the pre-equalized OFDM signal sequences calculated using information 

obtained by processing training signals propagated on the reverse path, the 
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training signals contained in the data or payload portion of the reverse path OFDM 

symbols. 

5. A wireless communication system operating under substantially 

reciprocal multipath conditions may include a coded user data source, at least one 

forward path transmitter coupled to the data source, the transmitter or transmitters 

generating pre-equalized OFDM signal sequences, at least one forward path 

phased array processor coupled to the transmitter or transmitters, the processor or 

processors arranged to convert the OFDM signal sequences into forward path 

phased array signals, a plurality of forward path phased array antennas coupled to 

the forward path phased array processor or processors, the antennas arranged to 

convert the forward path phased array signals into electromagnetic waves directed 

towards an intended forward path receive antenna, the forward path receive 

antenna arranged to receive the electromagnetic waves affected by multipath 

conditions, a forward path receiver coupled to the forward path receive antenna, 

the receiver processing received OFDM signal sequences, the received OFDM 

signal sequences including modifications caused by multipath conditions, to 

output the coded user data with correctable errors, a reverse path substantially 

electromagnetically reciprocal to the forward path, the forward path phased array 

signals calculated to provide multipath protection at the forward path receiver for 

multipath delay spread greater than the guard interval used in the OFDM signal 

sequence, the forward path phased array signals calculated using information 

obtained by processing training signals propagated on the reverse path, the 

training signals contained in the data or payload portion of the reverse path OFDM 

symbols. 
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6. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay include a coded user data source, a forward 

path transmitter coupled to the data source, the transmitter generating pre­

equalized OFDM signal sequences, a forward path phased array processor coupled 

to the transmitter, the processor arranged to convert the OFDM signal sequences 

into forward path phased array signals, a forward path phased array antenna 

coupled to the forward path phased array processor, the antenna arranged to 

convert the forward path phased array signals into electromagnetic waves directed 

towards an intended forward path receive antenna, the forward path receive 

antenna arranged to receive the electromagnetic waves affected by multipath 

conditions, a forward path receiver coupled to the forward path receive antenna, 

the receiver processing received OFDM signal sequences, the received OFDM 

signal sequences including modifications caused by multipath conditions, to 

output the coded user data with correctable errors, a reverse path substantially 

electromagnetically reciprocal to the forward path, the forward path phased array 

signals calculated to provide multipath protection at the forward path receiver for 

multipath delay spread greater than the guard interval used in the OFDM signal 

sequence, the forward path phased array signals calculated using information 

obtained by processing training signals propagated on the reverse path, the 

training signals contained in the data or payload portion of the reverse path OFDM 

symbols. 

7. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay- include a coded user data source, a forward 
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path transmitter coupled to the data source, the transmitter generating pre­

equalized OFDM signal sequences, a forward path transmitting antenna arranged 

to convert the OFDM signal sequences into electromagnetic waves directed 

towards an intended forward path receive antenna, the forward path receive 

antenna arranged to receive the electromagnetic waves affected by multipath 

conditions, a forward path receiver coupled to the forward path receive antenna, 

the receiver processing received OFDM signal sequences, the received OFDM 

signal sequences including modifications caused by multipath conditions, to 

output the coded user data with correctable errors, a reverse path substantially 

electromagnetically reciprocal to the forward path, the pre-equalized OFDM signal 

sequences calculated to provide multipath protection in the forward path for 

multipath delay spread greater than the guard interval used in the OFDM signal 

sequence, the pre-equalized OFDM signal sequences calculated using information 

obtained by processing training signals propagated on the reverse path, the 

training signals contained in the data or payload portion of the reverse path OFDM 

symbols, the signals propagated on the reverse path include substantially known 

signal sequences contained within an OFDM burst, the signal sequences longer in 

duration than the guard interval used in the OFDM signal sequence. 

8. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay include a coded user data source, at least one 

forward path transmitter coupled to the data source, the transmitter or transmitters 

generating pre-equalized OFDM signal sequences, a plurality of forward path 

transmitting antennas, coupled to the forward path transmitter or transmitters, 

arranged to convert the OFDM signal sequences into electromagnetic waves 
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directed towards an intended forward path receive antenna, the forward path 

receive antenna arranged to receive the electromagnetic waves affected by 

multipath conditions, a forward path receiver coupled to the forward path receive 

antenna, the receiver processing received OFDM signal sequences, the received 

OFDM signal sequences including modifications caused by multipath conditions, 

to output the coded user data with correctable errors, a reverse path substantially 

electromagnetically reciprocal to the forward path, the pre-equalized OFDM signal 

sequences calculated to provide multipath protection in the forward path for 

multipath delay spread greater than the guard interval used in the OFDM signal 

sequence, the pre-equalized OFDM signal sequences calculated using information 

obtained by processing training signals propagated on the reverse path, the 

training signals contained in the data or payload portion of the reverse path OFDM 

symbols, the signals propagated on the reverse path include substantially known 

signal sequences contained within a reverse path OFDM burst, the signal 

sequences longer in duration than the guard interval used in the OFDM signal 

sequence, the plurality of forward path transmitting antennas arranged to provide 

transmit diversity. 

9. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay include a coded user data source, a forward 

path transmitter coupled to the data source, the transmitter generating pre­

equalized OFDM signal sequences, a forward path phased array processor coupled 

to the transmitter, the processor arranged to convert the OFDM signal sequences 

into forward path phased array signals, a forward path phased array antenna 

coupled to the forward path phased array processor, the antenna arranged to 
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convert the forward path phased array signals into electromagnetic waves directed 

towards an intended forward path receive antenna, the forward path receive 

antenna arranged to receive the electromagnetic waves affected by multipath 

conditions, a forward path receiver coupled to the forward path receive antenna, 

the receiver processing received OFDM signal sequences, the received OFDM 

signal sequences including modifications caused by multipath conditions, to 

output the coded user data with correctable errors, a reverse path substantially 

electromagnetically reciprocal to the forward path, the pre-equalized OFDM signal 

sequences calculated to provide multipath protection in the forward path for 

multipath delay spread greater than the guard interval used in the OFDM signal 

sequence, the pre-equalized OFDM signal sequences calculated using information 

obtained by processing training signals propagated on the reverse path, the 

training signals contained in the data or payload portion of the reverse path OFDM 

symbols, the signals propagated on the reverse path include substantially known 

signal sequences contained within a reverse path OFDM burst, the signal 

sequences longer in duration than the guard interval used in the OFDM signal 

sequence. 

10. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay include a coded user data source, at least one 

forward path transmitter coupled to the data source, the transmitter or transmitters 

generating pre-equalized OFDM signal sequences, at least one forward path 

phased array processor coupled to the transmitter or transmitters, the processor or 

processors arranged to convert the OFDM signal sequences into forward path 

phased array signals, a plurality of forward path phased array antennas coupled to 
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the forward path phased array processor or processors, the antennas arranged to 

convert the forward path phased array signals into electromagnetic waves directed 

towards an intended forward path receive antenna, the forward path receive 

antenna arranged to receive the electromagnetic waves affected by multipath 

conditions, a forward path receiver coupled to the forward path receive antenna, 

the receiver processing received OFDM signal sequences, the received OFDM 

signal sequences including modifications caused by multipath conditions, to 

output the coded user data with correctable errors, a reverse path substantially 

electromagnetically reciprocal to the forward path, the pre-equalized OFDM signal 

sequences calculated to provide multipath protection in the forward path for 

multipath delay spread greater than the guard interval used in the OFDM signal 

sequence, the pre-equalized OFDM signal sequences calculated using information 

obtained by processing training signals propagated on the reverse path, the 

training signals contained in the data or payload portion of the reverse path OFDM 

symbols, the signals propagated on the reverse path include substantially known 

signal sequences contained within a reverse path OFDM burst, the signal 

sequences longer in duration than the guard interval used in the OFDM signal 

sequence. 

11. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay include a coded user data source, at least one 

forward path transmitter coupled to the data source, the transmitter or transmitters 

generating pre-equalized OFDM signal sequences, at least one forward path 

phased array processor coupled to the transmitter or transmitters, the processor or 

processors arranged to convert the OFDM signal sequences into forward path 
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phased array signals, a plurality of forward path phased array antennas coupled to 

the forward path phased array processor or processors, the antennas arranged to 

convert the forward path phased array signals into electromagnetic waves directed 

towards an intended forward path receive antenna, the forward path receive 

antenna arranged to receive the electromagnetic waves affected by multipath 

conditions, a forward path receiver coupled to the forward path receive antenna, 

the receiver processing received OFDM signal sequences, the received OFDM 

signal sequences including modifications caused by multipath conditions, to 

output the coded user data with correctable errors, a reverse path substantially 

electromagnetically reciprocal to the forward path, the forward path phased array 

signals calculated to provide multipath protection at the forward path receiver for 

multipath delay spread greater than the guard interval used in the OFDM signal 

sequence, the forward path phased array signals calculated using information 

obtained by processing training signals propagated on the reverse path, the 

training signals contained in the data or payload portion of the reverse path OFDM 

symbols, the signals propagated on the reverse path include substantially known 

signal sequences contained within a reverse path OFDM burst, the signal 

sequences longer in duration than the guard interval used in the OFDM signal 

sequence. 

12. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay include a coded user data source, a forward 

path transmitter coupled to the data source, the transmitter generating pre­

equalized OFDM signal sequences, a forward path phased array processor coupled 

to the transmitter, the processor arranged to convert the OFDM signal sequences 
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into forward path phased array signals, a forward path phased array antenna 

coupled to the forward path phased array processor, the antenna arranged to 

convert the forward path phased array signals into electromagnetic waves directed 

towards an intended forward path receive antenna, the forward path receive 

antenna arranged to receive the electromagnetic waves affected by multipath 

conditions, a forward path receiver coupled to the forward path receive antenna, 

the receiver processing received OFDM signal sequences, the received OFDM 

signal sequences including modifications caused by multipath conditions, to 

output the coded user data with correctable errors, a reverse path substantially 

electromagnetically reciprocal to the forward path, the forward path phased array 

signals calculated to provide multipath protection at the forward path receiver for 

multipath delay spread greater than the guard interval used in the OFDM signal 

sequence, the forward path phased array signals calculated using information 

obtained by processing training signals propagated on the reverse path, the 

training signals contained in the data or payload portion of the reverse path OFDM 

symbols, the signals propagated on the reverse path include substantially known 

signal sequences contained within a reverse path OFDM burst, the signal 

sequences longer in duration than the guard interval used in the OFDM signal 

sequence. 

13. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay include a coded user data source, a forward 

path transmitter coupled to the data source, the transmitter generating pre­

equalized OFDM signal sequences, a forward path transmitting antenna arranged 

to convert the OFDM signal sequences into electromagnetic waves directed 
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towards a plurality of intended forward path receive antennas, the forward path 

receive antennas arranged to receive the electromagnetic waves affected by 

multipath conditions, at least one forward path receiver coupled to the forward 

path receive antennas, the receiver or receivers processing received OFDM signal 

sequences, the received OFDM signal sequences including modifications caused 

by multipath conditions, to output the coded user data with correctable errors, a 

reverse path substantially electromagnetically reciprocal to the forward path, the 

pre-equalized OFDM signal sequences calculated to provide multipath protection 

in the forward path for multipath delay spread greater than the guard interval used 

in the OFDM signal sequence, the pre-equalized OFDM signal sequences 

calculated using information obtained by processing training signals propagated 

on the reverse path, the training signals contained in the data or payload portion of 

the reverse path OFDM symbols. 

14. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay include a coded user data source, at least one 

forward path transmitter coupled to the data source, the transmitter or transmitters 

generating pre-equalized OFDM signal sequences, a plurality of forward path 

transmitting antennas, coupled to the forward path transmitter or transmitters, 

arranged to convert the OFDM signal sequences into electromagnetic waves 

directed towards a plurality of intended forward path receive antennas, the forward 

path receive antennas arranged to receive the electromagnetic waves affected by 

multipath conditions, at least one forward path receiver coupled to the forward 

path receive antennas, the receiver or receivers processing received OFDM signal 

sequences, the received OFDM signal sequences including modifications caused 
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by multipath conditions, to output the coded user data with correctable errors, a 

reverse path substantially electromagnetically reciprocal to the forward path, the 

pre-equalized OFDM signal sequences calculated to provide multipath protection 

in the forward path for multipath delay spread greater than the guard interval used 

in the OFDM signal sequence, the pre-equalized OFDM signal sequences 

calculated using information obtained by processing training signals propagated 

on the reverse path, the training signals contained in the data or payload portion of 

the reverse path OFDM symbols, the plurality of forward path transmitting 

antennas arranged to provide transmit diversity. 

15. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay include a coded user data source, a forward 

path transmitter coupled to the data source, the transmitter generating pre­

equalized OFDM signal sequences, a forward path phased array processor coupled 

to the transmitter, the processor arranged to convert the OFDM signal sequences 

into forward path phased array signals, a forward path phased array antenna 

coupled to the forward path phased array processor, the antenna arranged to 

convert the forward path phased array signals into electromagnetic waves directed 

towards a plurality of intended forward path receive antennas, the forward path 

receive antennas arranged to receive the electromagnetic waves affected by 

multipath conditions, at least one forward path receiver coupled to the forward 

path receive antennas, the receiver or receivers processing received OFDM signal 

sequences, the received OFDM signal sequences including modifications caused 

by multipath conditions, to output the coded user data with correctable errors, a 

reverse path substantially electromagnetically reciprocal to the forward path, the 
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pre-equalized OFDM signal sequences calculated to provide multipath protection 

in the forward path for multipath delay spread greater than the guard interval used 

in the OFDM signal sequence, the pre-equalized OFDM signal sequences 

calculated using information obtained by processing training signals propagated 

on the reverse path, the training signals contained in the data or payload portion of 

the reverse path OFDM symbols. 

16. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay include a coded user data source, at least one 

forward path transmitter coupled to the data source, the transmitter or transmitters 

generating pre-equalized OFDM signal sequences, at least one forward path 

phased array processor coupled to the transmitter or transmitters, the processor or 

processors arranged to convert the OFDM signal sequences into forward path 

phased array signals, a plurality of forward path phased array antennas coupled to 

the forward path phased array processor or processors, the antennas arranged to 

convert the forward path phased array signals into electromagnetic waves directed 

towards a plurailty of intended forward path receive antennas, the forward path 

receive antennas arranged to receive the electromagnetic waves affected by 

multipath conditions, at least one forward path receiver coupled to the forward 

path receive antennas, the receiver or receivers processing received OFDM signal 

sequences, the received OFDM signal sequences including modifications caused 

by multipath conditions, to output the coded user data with correctable errors, a 

reverse path substantially electromagnetically reciprocal to the forward path, the 

pre-equalized OFDM signal sequences calculated to provide multipath protection 

in the forward path for multipath delay spread greater than the guard interval used 
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in the OFDM signal sequence, the pre-equalized OFDM signal sequences 

calculated using information obtained by processing training signals propagated 

on the reverse path, the training signals contained in the data or payload portion of 

the reverse path OFDM symbols. 

17. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay include a coded user data source, at least one 

forward path transmitter coupled to the data source, the transmitter or transmitters 

generating pre-equalized OFDM signal sequences, at least one forward path 

phased array processor coupled to the transmitter or transmitters, the processor or 

processors arranged to convert the OFDM signal sequences into forward path 

phased array signals, a plurality of forward path phased array antennas coupled to 

the forward path phased array processor or processors, the antennas arranged to 

convert the forward path phased array signals into electromagnetic waves directed 

towards a plurality of intended forward path receive antennas, the forward path 

receive antennas arranged to receive the electromagnetic waves affected by 

multipath conditions, at least one forward path receiver coupled to the forward 

path receive antennas, the receiver or receivers processing received OFDM signal 

sequences, the received OFDM signal sequences including modifications caused 

by multipath conditions, to output the coded user data with correctable errors, a 

reverse path substantially electromagnetically reciprocal to the forward path, the 

forward path phased array signals calculated to provide multipath protection at the 

forward path receiver for multipath delay spread greater than the guard interval 

used in the OFDM signal sequence, the forward path phased array signals 

calculated using information obtained by processing training signals propagated 
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on the reverse path, the training signals contained in the data or payload portion of 

the reverse path OFDM symbols. 

18. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay include a coded user data source, a forward 

path transmitter coupled to the data source, the transmitter generating pre­

equalized OFDM signal sequences, a forward path phased array processor coupled 

to the transmitter, the processor arranged to convert the OFDM signal sequences 

into forward path phased array signals, a forward path phased array antenna 

coupled to the forward path phased array processor, the antenna arranged to 

convert the forward path phased array signals into electromagnetic waves directed 

towards a plurality of intended forward path receive antennas, the forward path 

receive antennas arranged to receive the electromagnetic waves affected by 

multipath conditions, at least one forward path receiver coupled to the forward 

path receive antennas, the receiver or receivers processing received OFDM signal 

sequences, the received OFDM signal sequences including modifications caused 

by multipath conditions, to output the coded user data with correctable errors, a 

reverse path substantially electromagnetically reciprocal to the forward path, the 

forward path phased array signals calculated to provide multipath protection at the 

forward path receiver for multipath delay spread greater than the guard interval 

used in the OFDM signal sequence, the forward path phased array signals 

calculated using information obtained by processing training signals propagated 

on the reverse path, the training signals contained in the data or payload portion of 

the reverse path OFDM symbols. 
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19. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay include a coded user data source, a forward 

path transmitter coupled to the data source, the transmitter generating pre­

equalized OFDM signal sequences, a forward path transmitting antenna arranged 

to convert the OFDM signal sequences into electromagnetic waves directed 

towards a plurality of intended forward path receive antennas, the forward path 

receive antennas arranged to receive the electromagnetic waves affected by 

multipath conditions, at least one forward path receiver coupled to the forward 

path receive antennas, the receiver or receiver processing received OFDM signal 

sequences, the received OFDM signal sequences including modifications caused 

by multipath conditions, to output the coded user data with correctable errors, a 

reverse path substantially electromagnetically reciprocal to the forward path, the 

pre-equalized OFDM signal sequences calculated to provide multipath protection 

in the forward path for multipath delay spread greater than the guard interval used 

in the OFDM signal sequence, the pre-equalized OFDM signal sequences 

calculated using information obtained by processing training signals propagated 

on the reverse path, the training signals contained in the data or payload portion of 

the reverse path OFDM symbols, the signals propagated on the reverse path 

include substantially known signal sequences contained within an OFDM burst, 

the signal sequences longer in duration than the guard interval used in the OFDM 

signal sequence. 

20. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay include a coded user data source, at least one 

forward path transmitter coupled to the data source, the transmitter or transmitters 
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generating pre-equalized OFDM signal sequences, a plurality of forward path 

transmitting antennas, coupled to the forward path transmitter or transmitters, 

arranged to convert the OFDM signal sequences into electromagnetic waves 

directed towards a plurality of intended forward path receive antennas, the forward 

path receive antennas arranged to receive the electromagnetic waves affected by 

multipath conditions, at least one forward path receiver coupled to the forward 

path receive antenna, the receiver or receivers processing received OFDM signal 

sequences, the received OFDM signal sequences including modifications caused 

by multipath conditions, to output the coded user data with correctable errors, a 

reverse path substantially electromagnetically reciprocal to the forward path, the 

pre-equalized OFDM signal sequences calculated to provide multipath protection 

in the forward path for multipath delay spread greater than the guard interval used 

in the OFDM signal sequence, the pre-equalized OFDM signal sequences 

calculated using information obtained by processing training signals propagated 

on the reverse path, the training signals contained in the data or payload portion of 

the reverse path OFDM symbols, the signals propagated on the reverse path 

include substantially known signal sequences contained within a reverse path 

OFDM burst, the signal sequences longer in duration than the guard interval used 

in the OFDM signal sequence, the plurality of forward path transmitting antennas 

arranged to provide transmit diversity. 

21. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay include a coded user data source, a forward 

path transmitter coupled to the data source, the transmitter generating pre­

equalized OFDM signal sequences, a forward path phased array processor coupled 
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to the transmitter, the processor arranged to convert the OFDM signal sequences 

into forward path phased array signals, a forward path phased array antenna 

coupled to the forward path phased array processor, the antenna arranged to 

convert the forward path phased array signals into electromagnetic waves directed 

towards a plurality of intended forward path receive antennas, the forward path 

receive antennas arranged to receive the electromagnetic waves affected by 

multipath conditions, at least one forward path receiver coupled to the forward 

path receive antennas, the receiver or receiver processing received OFDM signal 

sequences, the received OFDM signal sequences including modifications caused 

by multipath conditions, to output the coded user data with correctable errors, a 

reverse path substantially electromagnetically reciprocal to the forward path, the 

pre-equalized OFDM signal sequences calculated to provide multipath protection 

in the forward path for multipath delay spread greater than the guard interval used 

in the OFDM signal sequence, the pre-equalized OFDM signal sequences 

calculated using information obtained by processing training signals propagated 

on the reverse path, the training signals contained in the data or payload portion of 

the reverse path OFDM symbols, the signals propagated on the reverse path 

include substantially known signal sequences contained within a reverse path 

OFDM burst, the signal sequences longer in duration than the guard interval used 

in the OFDM signal sequence. 

22. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay include a coded user data source, at least one 

forward path transmitter coupled to the data source, the transmitter or transmitters 

generating pre-equalized OFDM signal sequences, at least one forward path 
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phased array processor coupled to the transmitter or transmitters, the processor or 

processors arranged to convert the OFDM signal sequences into forward path 

phased array signals, a plurality of forward path phased array antennas coupled to 

the forward path phased array processor or processors, the antennas arranged to 

convert the forward path phased array signals into electromagnetic waves directed 

towards a plurality of intended forward path receive antennas, the forward path 

receive antennas arranged to receive the electromagnetic waves affected by 

multipath conditions, at least one forward path receiver coupled to the forward 

path receive antennas, the receiver or receivers processing received OFDM signal 

sequences, the received OFDM signal sequences including modifications caused 

by multipath conditions, to output the coded user data with correctable errors, a 

reverse path substantially electromagnetically reciprocal to the forward path, the 

pre-equalized OFDM signal sequences calculated to provide multipath protection 

in the forward path for multipath delay spread greater than the guard interval used 

in the OFDM signal sequence, the pre-equalized OFDM signal sequences 

calculated using information obtained by processing training signals propagated 

on the reverse path, the training signals contained in the data or payload portion of 

the reverse path OFDM symbols, the signals propagated on the reverse path 

include substantially known signal sequences contained within a reverse path 

OFDM burst, the signal sequences longer in duration than the guard interval used 

in the OFDM signal sequence. 

23. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay include a coded user data source, at least one 

forward path transmitter coupled to the data source, the transmitter or transmitters 
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generating pre-equalized OFDM signal sequences, at least one forward path 

phased array processor coupled to the transmitter or transmitters, the processor or 

processors arranged to convert the OFDM signal sequences into forward path 

phased array signals, a plurality of forward path phased array antennas coupled to 

the forward path phased array processor or processors, the antennas arranged to 

convert the forward path phased array signals into electromagnetic waves directed 

towards a plurality of intended forward path receive antennas, the forward path 

receive antennas arranged to receive the electromagnetic waves affected by 

multipath conditions, at least one forward path receiver coupled to the forward 

path receive antennas, the receiver or receivers processing received OFDM signal 

sequences, the received OFDM signal sequences including modifications caused 

by multipath conditions, to output the coded user data with correctable errors, a 

reverse path substantially electromagnetically reciprocal to the forward path, the 

forward path phased array signals calculated to provide multipath protection at the 

forward path receiver for multipath delay spread greater than the guard interval 

used in the OFDM signal sequence, the forward path phased array signals 

calculated using information obtained by processing training signals propagated 

on the reverse path, the training signals contained in the data or payload portion of 

the reverse path OFDM symbols, the signals propagated on the reverse path 

include substantially known signal sequences contained within a reverse path 

OFDM burst, the signal sequences longer in duration than the guard interval used 

in the OFDM signal sequence. 

24. A wireless communication system operating under substantially 

reciprocal multipath conditionsmay include a coded user data source, a forward 
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path transmitter coupled to the data source, the transmitter generating pre­

equalized OFDM signal sequences, a forward path phased array processor coupled 

to the transmitter, the processor arranged to convert the OFDM signal sequences 

into forward path phased array signals, a forward path phased array antenna 

coupled to the forward path phased array processor, the antenna arranged to 

convert the forward path phased array signals into electromagnetic waves directed 

towards a plurality of intended forward path receive antennas, the forward path 

receive antennas arranged to receive the electromagnetic waves affected by 

multipath conditions, at least one forward path receiver coupled to the forward 

path receive antennas, the receiver or receivers processing received OFDM signal 

sequences, the received OFDM signal sequences including modifications caused 

by multipath conditions, to output the coded user data with correctable errors, a 

reverse path substantially electromagnetically reciprocal to the forward path, the 

forward path phased array signals calculated to provide multipath protection at the 

forward path receiver for multipath delay spread greater than the guard interval 

used in the OFDM signal sequence, the forward path phased array signals 

calculated using information obtained by processing training signals propagated 

on the reverse path, the training signals contained in the data or payload portion of 

the reverse path OFDM symbols, the signals propagated on the reverse path 

include substantially known signal sequences contained within a reverse path 

OFDM burst, the signal sequences longer in duration than the guard interval used 

in the OFDM signal sequence. 
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Additional information is provided in the attached copies of an engineering 

notebook and other figures, including a copy of a color JPEG image print out of a 

wall-mounted white board. 
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