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OFDM MULTIPLE UPSTREAM RECEIVER 
NETWORK 

BACKGROUND OF THE INVENTION 

[0001] The present invention pertains to communications 
systems using orthogonal frequency division modulation to 
communicate information from a mobile unit. 

[0002] Multi-carrier modulation systems generally 
involve a data signal of successive symbols being split into 
several lower rate signals, each associated with a sub-carrier, 
resulting in a large symbol time compared to the expected 
multipath delay spread. Orthogonal frequency division 
modulation (OFDM) is a multi-carrier modulation scheme 
that maps data symbols onto N orthogonal sub-carriers 
separated by a distance of 1/T, where T is the useful symbol 
duration. In OFDM, cyclic guard intervals are frequently 
used to improve performance in the presence of a multipath 
channel. 

[0003] OFDM has become attractive for wireless commu­
nications due to its high spectral efficiency and resistance to 
noise and multipath effects. OFDM has been the subject of 
numerous patents and at the foundation of a number of 
wireless broadcast standards, including for example the 
ETSI-monitored DAB and DVB-T protocols. Both of these 
standards provide for single frequency network (SFN) 
operation in which a number of transmitters operate in 
simulcast manner. As apparent from the DAB and DVB-T 
protocols, much of the focus to date on OFDM has been in 
respect of providing broadband, high speed downstream 
transmission (ie. transmission from base or repeater stations 
to remote wireless units). Although the concept of providing 
upstream data (ie. transmission of information from remote 
wireless units to a base station) has been considered in the 
context of OFDM systems, such systems have generally 
assumed that the transfer of data from a remote wireless unit 
to a base station will generally require lower speeds and less 
bandwidth than downstream communications. 

[0004] In some applications, however, high speed, large 
bandwidth transfer of data from a remote unit to a central 
station is required. For example, mobile electronic news 
gathering (ENG) systems, in which audio and video signals 
from a news van, helicopter or other mobile vehicle are 
transmitted to a central news gathering facility, require high 
data rate upstream communications. Furthermore, as such 
systems are often used in high density urban areas, they 
require robust, multipath resistant, communications chan­
nels. When the mobile units are moving while transmitting, 
the channel must also be resistant to the effects of Doppler 
spread. 

[0005] Thus, there is a need for an OFDM communica­
tions system that provides for robust, economical, high data 
rate wireless transfer from a remote mobile transmitter to a 
central station. An electronic news gathering system having 
these features is also desirable. 

SUMMARY OF THE INVENTION 

[0006] In the present invention, a plurality of base stations 
are configured to substantially simultaneously receive multi­
carrier modulated symbols from one or more wireless trans­
mitters, and relay the multi-carrier modulated symbols to a 
hub station for demodulation. 
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[0007] According to one aspect of the invention, there is 
provided a communications system for transferring signals 
from a wireless transmitter to a hub station. The system 
includes a wireless transmitter configured to transmit a data 
signal using multiple sub-carriers, a plurality of base stations 
each configured to receive the multiple sub-carrier data 
signal and relay the multiple sub-carrier data signal to a hub 
station, and a hub station configured to receive and combine 
the multiple sub-carrier data signals from the plurality of 
base stations. In one preferred embodiment, at least some of 
the base stations are connected to the hub station by wired 
communications links 

[0008] According to a further aspect of the invention, 
there is provided a communications system for transferring 
information from a wireless transmitter to a hub station, 
including a plurality of wireless transmitters, each config­
ured to transmit a data signal as successive OFDM symbols. 
The system includes a plurality of base stations, each 
configured to receive OFDM symbols from the wireless 
transmitters located in a corresponding coverage area and 
relay the received OFDM symbols to a hub station, at least 
some of the base stations having overlapping coverage areas 
such that more than one base station can receive the same 
OFDM symbols from the same mobile transmitter. A hub 
station is configured to receive the OFDM symbols from the 
base stations and demodulate the OFDM symbols and output 
an estimate of the data signals from the wireless transmitters. 
Preferably, the hub station is configured to combine signals 
received from the different base stations. Additionally, at 
least some of the base stations may be connected to the hub 
station by independent wired communications links having 
predetermined propagation delays, the hub station including 
buffering to substantially eliminate, prior to combining 
signals received on the communications links, any delay 
spread resulting from the predetermined propagations 
delays. 

[0009] According to a further aspect of the invention, 
there is provided a method for providing data signals, the 
method including (a) receiving at a plurality of base stations 
data signals transmitted from a mobile wireless transmitter 
using multiple sub-carriers, and relaying the data signals 
using multiple sub-carriers from the plurality of base sta­
tions to a hub station; and (b) receiving and combining at the 
hub station the data signals from the plurality of base 
stations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 shows a wireless communications system in 
accordance with an embodiment of the present invention; 

[0011] FIG. 2 shows a block diagram of a mobile trans­
mitter that can be used in the communications system; 

[0012] FIG. 3 shows a block diagram of a base station that 
can be used in the communications system; 

[0013] FIG. 4 shows a block diagram of a hub station that 
can be used in the communications system; 

[0014] FIG. 5 shows a block diagram of a further hub 
station that can be used in a further embodiment of the 
communications system; 

[0015] FIG. 6 shows a block diagram of another hub 
station that can be used in yet a further embodiment of the 
communications system; 
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[0016] FIG. 7 shows a block diagram of yet another hub 
station that can be used in still a further embodiment of the 
communications system; 

[0017] FIG. 8 shows the envelope of two preferred pre­
amble training symbols used in an embodiment of the 
invention; and 

[0018] FIG. 9 shows the spectrum of another preamble 
training symbol used in an embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] FIG. 1 shows a wireless communications system 
10 used in accordance with certain embodiments of the 
present invention. The wireless communications system 10 
receives wireless communications signals from a geographic 
area 12. Within the geographic area 12 are a plurality of base 
station receivers 14(!)-(n), each of which receives wireless 
communications signals from a corresponding coverage 
area, or cell, 16(!)-(n). For the sake of simplicity, the 
coverage areas 16(!)-(n) have been illustrated as circular 
areas, but in reality such areas will generally have irregular 
shapes that are dependent on a number of factors including 
the terrain and environment of the geographic area 12, as 
well as the strength of the transmitted signals to be received. 
Although only three coverage areas have been illustrated, 
the communications area can include additional coverage 
areas, or as few as two coverage areas. As indicated in FIG. 
1, in order to provide for continuous coverage of the 
geographic area 12, a number of the coverage areas 16(!)-(n) 
are mutually overlapping. The use of overlapping coverage 
areas provides receive diversity, and can help overcome 
problems such as shadowing. 

[0020] The base station receivers 14(!)-(n) are each con­
figured to receive signals transmitted from a plurality of 
mobile transmitter units 18(!)-(m). In particular, at any given 
time each base station receiver 14(!)-(n) will receive trans­
missions from any mobile transmitters 18(l)-18(m) that are 
located within its corresponding coverage area 16(!)-(n). 
The base station receivers 14(!)-(n) are fixed terminals, each 
of which has a respective communications link 20(!)-(n) 
with a central receiver hub 22. The base station receivers 
14(!)-(n) are essentially repeater stations in that they receive 
information from the mobile transmitters, and then transfer 
that information to the receiver hub 22 via communications 
links 20(!)-(n). The communications links 20(!)-(n) can be 
wired (including, for example, fibre, coaxial cable, twisted 
pair, etc.) or wireless links. 

[0021] In certain embodiments, the communications sys­
tem 10 uses multiple sub-carrier modulation techniques such 
as orthogonal frequency division modulation (OFDM). FIG. 
2 shows a general block diagram of a mobile transmitter unit 
18(i) (which could be any one of transmitter units 18(!) to 
18(m)) that includes a data source 24 and an OFDM trans­
mitter 26. In a preferred embodiment, the mobile transmitter 
unit 18(i) is used for live electronic news gathering, and thus 
includes at lease one video camera and audio transducer 28 
for capturing video images and accompanying audio. Con­
veniently, the transmitter unit 18(i) may include a video/ 
audio data compression system, such as an MPEG-2/MU­
SICORE (trademark) encoder 30 for digitizing and 
compressing the data captured by camera 28. The OFDM 
transmitter 26 receives a stream of digital data from the data 
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source 24. A coding block 32 receives that data stream and 
introduces redundancy for forward error correction coding 
and constellation maps the data stream. In this particular 
embodiment, quadrature phase shift keying (QPSK), 16 
quadrature amplitude modulation (QAM) or 64 QAM con­
stellation is used to modulate the data, although other 
modulation formats could be used. A serial to parallel 
converter 34 partitions the coded data stream into successive 
groups or blocks of bits. In this particular embodiment, the 
blocks of coded data bits are input into an N-points complex 
Inverse Discrete Fourier Transform 36 (which may be an 
Inverse Fast Fourier Transform), where N corresponds to the 
number of sub-carriers. In this embodiment, the IDFT 36 is 
performed on blocks of M*Nc coded data bits, where 
M*Ncis the total number of bits in an OFDM symbol (for 
QPSK, M=2; for 16 QAM, M=4; for 64 QAM, M=8) output 
by transmitter 18(i). The M*Nc bits are converted into Nc 
complex numbers which are used to modulate Nc sub­
carriers. Nc can be equal to N but should be less than N to 
produce an over sampled signal. The extra N-Nc sub-carriers 
can be set to zero. 

[0022] The output of IDFT 36 is parallel-to-serially con­
verted by parallel-to-serial converter 38 to produce an 
OFDM symbol for transmission. To decrease sensitivity to 
inter-symbol and inter-carrier interference, the cyclic pre­
fixer 40 creates a guard interval by copying the last part of 
the OFDM symbol and augmenting the OFDM symbol with 
the copied portion of the OFDM symbol. As known in the 
art, cyclic prefixing contributes to making OFDM transmis­
sions resistant to multipath effects. Instead of a prefix, the 
guard interval could be a cyclic extension at the end of the 
OFDM symbol. The OFDM symbol is input into a digital­
to-analog converter 42 after which it is sent to the transmitter 
front-end 44 that converts the baseband waveform to the 
appropriate RF form for transmission via antenna 46. As 
known in the art, the transmitter front-end 44 includes, 
among other things, an up-converter for modulating the 
OFDM symbol onto an RF carrier frequency for over-the-air 
transmission. 

[0023] Typically, the wireless spectrum allocated to the 
communications system 10 will be shared among a plurality 
of mobile transmitter units at any given time. The spectrum 
could be shared in a number of different ways. For example, 
each transmitter unit 18(i) may have a full channel (for 
example 6 MHz in the MMDS band) assigned for its 
exclusive use. In such a configuration, at the receiving end 
a separate OFDM receiver would typically be required for 
each full channel in order to simultaneously process incom­
ing signals from different mobile units 18(i). Alternatively, 
the channel could be shared between the mobile transmitter 
units 18(i) using frequency, time and/or code division tech­
niques. In the event that the channel is shared, each mobile 
transmitter unit 18(i) will generally require an external 
reference signal in order to coordinate use of the channel. In 
this respect, a preferred embodiment of the OFDM trans­
mitter 26 includes a reference signal receiver 80 for receiv­
ing an external reference, and a clock/timing/frequency 
controller 82 for controlling the clock of data source 24 and 
the timing and frequency of the OFDM symbols output from 
the transmitter. In this preferred embodiment, the reference 
signal receiver 80 is a Global Positioning Signal (GPS) 
receiver that receives signals from GPS satellites. Such 
signals include a 10 MHz frequency reference signal and a 
1 PPS time reference signal. 
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[0024] In the present embodiment of the invention, the 
transmitter units 18(!)-(m) share an upstream data channel 
by each using a predetermined subset of the OFDM sub­
carriers available in the channel. Thus, each transmitter 18(i) 
produces OFDM symbols that are in fact, from the perspec­
tive of the central hub, OFDM sub-symbols. The combined 
output of all active transmitters 18(l)-18(m) forms a com­
plete OFDM symbol. In this embodiment, the sub-carriers 
assigned to each transmitter 18(i) are contiguous, with 
unused sub-carriers acting as guard bands between the 
sub-carrier subsets. However, it would also be possible to 
use non-contiguous sub-sets of sub-carriers, and further­
more, to use frequency hopping such that the sub-sets 
change over time. In the present embodiment, in order to 
form a valid OFDM symbol, the timing of the symbol 
generation by each of the transmitters 18(!)-(m) is synchro­
nized by reference to a common GPS clock reference. The 
timing synchronization must be such that at the OFDM 
demodulator the timing offset between symbols from dif­
ferent transmitters, and from different paths, is not greater 
than the symbol guard interval. Preferably, in order to ensure 
orthogonality between OFDM sub-carriers, frequency spac­
ing is performed at each transmitter 18(i) with reference to 
a common GPS frequency reference. It will be appreciated 
that a different common clock/frequency reference signal 
could be used. For example, in a two-way communication 
system, synchronization could be based on downstream 
signals originating at the hub station. 

[0025] In the present embodiment, in order to facilitate use 
of the GPS reference signals, upstream data transmissions 
are carried out using successive OFDM data frames each of 
which comprise a predetermined number of successive 
OFDM symbols. Each frame may include preamble symbols 
that may include training symbols for training the OFDM 
receiver and indicating the start or end of a frame. In order 
to synchronize OFDM symbol transmission, the transmitters 
18(!)-(m) may follow a predetermined protocol that defines 
time points at which all mobile transmitters are permitted to 
start transmitting a frame of OFDM symbols. The protocol 
may further, or alternatively in a non-frame environment, 
define time points at which individual OFDM symbols may 
be sent. 

[0026] FIG. 3 shows a block diagram of one embodiment 
of a base station 14(k) (which could be any one of base 
stations 14(!)-(n)). Each base station 14(k) receives the 
OFDM symbols that are transmitted by mobile transmitter 
units 18(!)-(m) located in its coverage area 16(k). Thus, in 
each coverage area 16(l)-16(n), the OFDM symbols from 
each transmitter are combined during wireless transmission. 
The base station 14(k) is connected by a wired link 20(k), 
which in the illustrated embodiment is fibre optic cable, to 
the receiver hub 22. The OFDM signals from the mobile 
transmitter units 18(!)-(m) in area 16(k) are received at the 
antenna 50 and processed using receive circuitry 48. In this 
particular embodiment, receive circuitry 48 filters and 
amplifies the carrier frequency modulated OFDM symbols, 
which are then provided, with proper or without RF con­
version, to electro-optical transducer 52 which modulates 
the OFDM symbols onto a light beam for transmission over 
fibre optic link 20(k). Analog or digital optical modulation 
techniques could be used. 

[0027] FIG. 4 shows a block diagram of an embodiment 
of a receiver hub station 22. In this embodiment, the signals 
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from each base station 14(!) to 14(n) are treated as multipath 
signals and simply summed together and provided to a 
common OFDM demodulator 84. The hub station 22 has n 
optical/electrical transducers 54, each of which receives 
signals from an associated base station 14(l)-14(n) via 
communications links 20(l)-20(n), respectively. Each opti­
cal/electrical transducer 54 performs the opposite function 
of base station transducer 52 to produce an analog electrical 
signal representative of the OFDM symbol originally 
received by its associated base station 14(!)-(n). The outputs 
of the n transducers 54 are summed together at summer 56. 
It will be appreciated that as a system constraint, in order to 
maintain orthogonality the delay in arrival at the summer 56 
between the earliest multipath OFDM symbol and latest 
multipath OFDM symbol for a single OFDM symbol should 
not exceed the OFDM symbol guard time. In the present 
embodiment, multipath-like delay will contributed to by 
differing lengths of wired communications links 20( l)-20(n) 
and if possible the system 10 may conveniently be arranged 
in the geographic area 12 to minimize differences between 
the lengths of links 20(l)-20(n). As noted below, as the 
propagation delays in links 20(l)-20(n) can be predeter­
mnined, buffering can be introduced prior to summer 56 to 
equalize the delays between the different links. 

[0028] The summed OFDM symbol from summer 56 is 
down converted to a baseband OFDM symbol by downcon­
verter 58, and sampled by analog to digital converter 60 to 
produce a digital signal. The digital OFDM signal is 
received by a frequency compensation block 64 and a timing 
and frequency synchronization block 62. The timing and 
frequency synchronization block 62 acquires the OFDM 
symbol timing and provides a frequency estimate signal to 
the frequency compensation block 64 to correct for fre­
quency offset and a timing signal to a cyclic prefix remover 
66. The frequency corrected OFDM signal is provided to 
cyclic prefix remover 66, after which it is serial-to-parallel 
converted by a serial-to-parallel converter 65 and provided 
to Discrete Fourier Transform (DFT) 68 (which in the 
preferred embodiment is an Fast Fourier Transform). The 
DFT 68 is designed to perform an Mh-point discrete fourier 
transform on the sub-carriers making up the OFDM symbol 
received by the hub station 22. In the present embodiment in 
which the transmitters 18(!)-(m) each use a sub-set of 
sub-carriers, Mh is equal to or generally greater than the total 
number of carriers in all the sub-sets, (ie. 

m 

Mh;a:Nd = IN;, 
i=l 

[0029] where N 1 is the number of sub-carriers used by 
transmitter 18(i)). The resulting Nd of Mh complex sub­
carriers are subjected to channel correction by channel 
corrector 72, and then provided to a parallel to serial 
converter 70. In the present embodiment, PIS converter 70 
has m outputs ( one for each of the m transmitters sharing the 
uplink channel), and groups the complex sub-carriers 
accordingly. Thus, converter 70 is effectively a block of m 
P/S converters, each operating on a predetermined set of 
sub-carriers, each group of sub-carriers being associated 
with particular transmitter unit. Them outputs of P/S block 
70 are decoded at decoder 74, after which the m signals are 
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provided to a data sink 76 (which in the case of an ENG 
system may be a news editing and broadcasting centre). 

[0030] With reference to FIGS. 1-4, an example of the 
operation of the communications system 10 will now be 
briefly discussed. In the example, mobile transmitters 18(!) 
and 18(m) are associated with news gathering vans and 
accordingly transmit video and audio information. As shown 
in FIG. 1, transmitter 18(!) is positioned in a location where 
three coverage areas 16(l)-16(n) overlap, and transmitter 
18(m) is positioned in a location where two coverage areas 
16(1)-16(2) overlap. All transmitter units 18(!)-(m) have 
been assigned a unique sub-set of Ne sub-carriers in an Nd 
sub-carrier channel, and are transmitting successive frames 
of OFDM sub-symbols using such sub-carriers. Each of the 
transmitter units 18(!)-(m) obtains a GPS frequency and 
timing reference such that all transmitters use substantially 
orthogonal sub-carriers and start transmission of an OFDM 
frame at substantially the same time. Base station 14(!) 
receives, via a number of paths, combined signals that 
include the sub-symbols from both transmitter units 18(!) 
and 18(m). Similarly, base station 14(2) receives sub-sym­
bols from both transmitters, and base station 14(n) receives 
sub-symbols from transmitter 18(!), but not transmitter 
18(m). Each of the base stations 14(!) to 14(n) optically 
modulate the OFDM signals that they receive, and send the 
signals over fibre links 20(l)-20(n) to the receiver hub station 
22, which is remotely located from at least some of the base 
stations. At the receiver hub 22, the OFDM signals from all 
base stations 14(!) to 14(n) are converted back to electrical 
signals, summed together, and then provided to an OFDM 
demodulator 84 which treats the summer output as a single 
OFDM symbol. The signals from each of the independent 
transmitters are separated at the parallel to serial converter 
70 of the OFDM demodulator 84. 

[0031] In this embodiment, the Nd frequency bins of the 
OFDM demodulator 84 are frequency divided amongst the 
transmitters 18(l)-18(m). However, the system could alter­
natively use time division multiplexing in which the each 
transmitter 18(l)-18(m) used the substantially all of the 
channel bandwidth (ie. all frequency bins) in unique time 
slots. In such a system, the individual transmitter signals 
would typically be demultiplexed after decoder 74, rather 
than at P/S converter 70. A combination of frequency 
division and time division multiplexing could also be used. 

[0032] Although the communications links 20(l)-20(n) 
have been described above as fibre links, other wired links 
such as coaxial cable or twisted pair could be used. In 
non-optical wired links, electro/optical and optical/electrical 
transducers are not required and base stations 14(!)-(n) could 
simply include pass band filtering and amplification of 
received signals. Also wireless links could alternatively be 
used between the base stations and the hub station, with base 
stations 14(l)-14(n) acting as wireless repeaters. Typically, 
in such systems the base stations would have frequency 
shifting capabilities to modulate received OFDM signals 
onto different carrier frequencies. If frequency conversion or 
other frequency or time dependent processing is performed 
at the base stations 14(l)-14(n), the stations may be equipped 
with GPS receivers so that all stations can reference a 
common frequency and/or clock reference. In a wireless 
base-station/hub system, adaptive antenna arrays using 
beam forming could be used at the hub station. 
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[0033] In further embodiments of the communications 
system 10, the receiver hub is configured so that some of the 
OFDM symbol demodulation processing steps are per­
formed prior to summing the symbols from different base 
stations. Such a configuration permits the symbols from 
different base stations to be treated differently. A further 
embodiment of a receiver hub 90 is shown in FIG. 5. The 
receiver hub 90 is similar to hub 22, with the following 
differences. The receiver hub 90 is configured to eliminate 
the different propagation delays that result in different links 
20( l) to 20(n ). As the difference in relative propagation times 
for each of the links 20(!) to 20(n) can be predetermined, 
buffering the signals accordingly permits differences in 
wired link propagation times to be substantially eliminated, 
thereby allowing for a shorter guard interval in OFDM 
symbols. In this embodiment, a separate down converter 58 
and analog to digital converter 92 is used for each base 
station link 20(!) to 20(n) with the result that the down 
conversion and AID conversion steps occur before summer 
56. A delay removal buffer 96 is provided after each analog 
to digital converter 92 to delay the signal a predetermined 
amount of time as required by the particular communica­
tions link. In order to synchronize the operation of AID 
converters 92, a common reference signal source 94 pro­
vides a common clock reference to all the AID converters 
92. Conveniently, the common reference source can be a 
GPS receiver for receiving a GPS clock reference signal. In 
order to reduce the number of down converters 58, AID 
converters, and delay removal buffers 96, communications 
links 20(!) to 20(n) can be grouped into sub-groups having 
substantially the same propagation delay, with the signals for 
each sub-group being summed together, and the summed 
sub-group then provided to a down converter-AID con­
verter-delay removal processing chain. 

[0034] Yet a further embodiment of a receiver hub station 
100 is shown in FIG. 6. The receiver hub 100 is configured 
to perform most of the OFDM demodulation steps prior to 
combining the signals from the different communications 
links, and to then adaptively combine the signals based on 
the received signal characteristics. In particular, hub station 
100 performs, independently for each of the n base stations, 
all demodulation steps up to and including channel correc­
tion. Thus, the hub station 100 includes a separate process­
ing branch 108(!)-(n) for the signals from each communi­
cations link 20(!)-(n), each branch including OFDM 
demodulation components from down converter 58 to chan­
nel correction block 72. Note that after timing synchroni­
zation 62 the delay removal 96 uses the knowledge of 
predetermined propagation delay in each branch to remove 
the delays accordantly so that the input to frequency com­
pensation 64 in all branches will be well synchronized. A 
common reference signal to synchronize the sample fre­
quency of each AID converter is necessary. In the embodi­
ment illustrated, each transmitter 18(!) to 18(m) uses a 
predetermined set of sub-carriers, and accordingly, the chan­
nel correction block 72 for each processing branch 108(!)­
(n) has m groups of parallel outputs, each group containing 
the complex sub-carriers associated with a particular trans­
mitter. This permits the signals recovered for each transmit­
ter 18(!) to 18(m) to be combined according to weightings 
chosen for each transmitter. FIG. 6 illustrates processing 
done in respect of signals received from the exemplary 
transmitter 18(i) at the output of branches 108(!)-(n). In 
particular, the processed signals in respect of the mobile 
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transmitter 18(i) are provided to an adaptive combiner 
controller 104 that determines appropriate weighting coef­
ficients based on measured signal power and/or SNR of the 
signals. The signals for transmitter 18(i) from each of the 
processing branches 108(!)-(n) are combined (via complex 
weighting devices 102, wherein each of them is a collection 
of weighting coefficients in accordance with the sub-carriers 
assigned to the transmitter unit 18(i), and summer 106) in 
accordance with the calculated weighting coefficients. The 
combined signals are then provided to parallel to serial 
converter 70(i) and subsequently to a decoder 72(i) which 
outputs the hub station's estimate of the signal that was 
originally created by the data source 24 of the remote 
transmitter unit 18(i). Using various predetermined algo­
rithms, the signals outputted by the hub station can be 
optimized for each of the individual transmitters 18(!) to 
18(m). 

[0035] In a preferred embodiment of the invention, the 
following algorithm is used by the adaptive combiner con­
troller 104 to obtain a maximum SNR. Unlike the signals 
from the branches of a typical antenna array, the signals from 
the different base stations 14(!)-(n) will generally be sub­
stantially different from each other due to the spatial sepa­
ration of the base stations. It will be understood that at any 
given time, not all of the processing branches 108(!) to 
108(n) will be receiving signals from the transmitter 18(i) as 
the transmitter may not be located in the coverage area(s) 
16(!)-(n) associated with one or more of the processing 
branches. Suppose there are N branches on which signals 
from transmitter 18(i) are detected. Each branch has the 
same kth sub carrier with different complex amplitude Sqko 
q=l-N, and suppose the noise is nqk and its power is Nqk= 

lnqkl 2
, which are independent of each other. The signals 

Sqkei°'k', where wk is the kth subcarrier frequency, and the 
noises are combined using weight coefficients w qk- Then the 
SNR of the combined signal can be estimated as shown 
below: 

(1) 

l~*~w;,I 
'I,l~wi 

[0036] Where: 

(2) 
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[0037] 

(3) 

(4) 

gqk=VN;wqk, q=l, 2, ... , N (5) 

[0038] It will be appreciated that the maximal SNRcomb 
can be reached if the vector Gk is in the same "direction" of 
the vector Bk, regardless of the vector length. A particular 
solution is: 

(6) 

[0039] The weight vector for the kth sub carrier is there­
fore: 

(7) 

[0040] Then, the maximal reachable SNRcomb is: 

SNRcomb,max = (8) 

[0041] The combined complex amplitude of the kth sub 
earner 1s: 

L, Sqk w;, L, (ISq,12 IN qk) 
(9) 

s; = _q ___ = _q~---

L »:;, L (s;, I Nq,) 
q 

[0042] Normally the adaptive combiner is positioned after 
the channel correction block in each processing branch, 
therefore the signal of the kth sub carrier in each branch 
theoretically has an identical value. Thus the weight vector 
can be simplified as: 

(10) 

[0043] where wqk represents the weight coefficient in qth 

branch for kth sub carrier. Under Equation (10), the weight 
coefficients are only based on the noise power in the related 
channels. Known techniques can be used to measure the 
channel noise. 
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[0044] In a further embodiment of the present invention, 
the frames of OFDM symbols transmitted by each of the 
transmitters 18(!) to 18(m) each include a preamble having 
special predetermined training symbols. At the hub station, 
the training symbols can be used to eliminate delay spread 
caused by the differences between communications links 
20(!) to 20(n) without the need for a common clock refer­
ence. FIG. 7 shows a block diagram of a further hub station 
110 for use in this further embodiment of the invention. The 
hub station 110 is similar in operation to the hub station 100 
except for the differences noted below and in the Figures. In 
this embodiment, removal of delay differences that are due 
to the wired links occurs in processing branches 108(l)-
108(n) after the signals from different transmitters 18(!) to 
18(m) have been corrected at channel correction block 72 
Each processing branch includes a training preamble detec­
tor 111 and a delay removal block 112 that receive the 
transmitter specific signals output from the correction block 
72. Each delay removal block 112 is configured to point to 
the same current symbol of an OFDM frame in all branches 
from a particular transmitter based on the presence of the 
predetermined preamble training symbol, and to buffer its 
output accordingly to synchronize OFDM symbols from the 
different branches 108(l)-108(n), thereby reducing any mul­
tipath effects that are due to differences between wired 
communications links 20(l)-20(n). An additional function of 
the delay removal block 112 is to compensate the differences 
of the sample frequencies between the AID converters in the 
branches 108(!) to 108(n). Although a common reference 
signal source 94 is not necessarily required in this embodi­
ment, its presence can assist in reducing phase noise. 

[0045] In this embodiment, it is preferable to use a pre­
determined preamble training symbol that can easily be 
distinguished from normal OFDM symbols. Preferably, each 
mobile transmitter 18(l)-18(m) is configured to transmit the 
same training symbol at the same location in the frame 
preamble. A suitable training symbol structure is described 
in co-pending U.S. patent application Ser. No. 09/702606, 
entitled ADAPTIVE ANTENNA ARRAY FOR MOBILE 
COMMUNICATIONS, filed Nov. 1, 2000, and assigned to 
the assignee of the present invention. FIG. 8 shows the 
envelopes of two alternative preferred training symbols, 
TRSI and TRSII, that are described in such application. The 
preferred training symbols include pseudo random noise, 
and have a bandwidth that is preferably close to, but not 
wider than the bandwidth allocated to each transmitter 
18(l)-18(m). 

[0046] The training symbol TRS I has a total symbol 
duration of Tsym• including a useful portion having an 
interval of Tur and a cyclic prefix guard portion having a 
interval of T g· The useful portion of the TRS I symbol 
duration is preferably consistent with that of the OFDM 
symbols used in the communications system 10 (ie. Tur= 
inverse of OFDM subcarrier spacing). The base band ana­
lytic expression for the useful interval of TRS I can be 
represented as follows: 

[0047] Where: 

[0048] P(t) is a pseudo random phase function; 

[0049] ATRsr is an amplitude; and 

(11) 

[0050] Tur is the useful symbol interval of TRS I. 
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[0051] The pseudo random phase function P(t) is defined 
in more detail in the following equations: 

(12) 

[0052] Where: 

[0053] P(tJ are pseudo random samples; 

[0054] the sample interval Tsamp=tn+i-tn=l/B; and 

[0055] B is the bandwidth allocated to the transmitter 
18(i). 

[0056] The amplitude ATRsr should preferably be so cho­
sen that the power of TRS I is equal to the average power of 
the OFDM symbols transmitted in a frame. The training 
symbol TRS I, as defined above, has sufficient bandwidth. 
To ensure that the bandwidth of TRS I does not exceed the 
assigned bandwidth., appropriate pre-transmission filtering 
can be applied to TRS I at the transmitter 18(i). 

[0057] The training symbol TRS II actually includes two 
identical sub-symbols, having a combined total duration of 
Tsym· Each sub-symbol has a duration of Tsym;2 , where 
Tsym;2 =Tsym/2, each sub-symbol duration including a useful 
portion interval of TuII(l) and Tun(2), respectively (Tun(i)= 
Tun(2)) and a cyclic prefix guard interval of Tg. The base 
band analytic expression for the useful interval of each of the 
sub-symbols of TRS II can be represented as follows: 

(13) 

[0058] Where: 

[0059] P(t) is a pseudo random phase function as 
defined above; and 

[0060] ATRsn is the amplitude; 

[0061] T un(2 ) is the useful symbol interval of the 
sub-symbol. 

[0062] ATRsn is preferably chosen so that the power 
of training symbol TRS II is equal to the average 
power of the OFDM symbols in the frame transmit­
ted by transmitter 18(i). 

[0063] Similar to TRS I, the training symbol TRS II 
defined above has sufficient bandwidth. To ensure the band­
width does not exceed the assigned channel bandwidth, 
appropriate pre-transmission filtering can be applied to TRS 
II. 

[0064] The use of a training symbol TRS II having two 
identical sub-symbols permits the adaptive antenna array to 
use correlation techniques to distinguish between a desired 
signal and an interfering jamming signal because training 
symbol TRSII has better correlation properties than training 
symbol TRS I. The training symbol need not be limited to 
two identical portions, but can include more than two 
identical portions. so long as correlation within the symbol 
duration is possible. 

[0065] It will be understood that in some cases, for 
example if there is no transmitter in the associated coverage 
areas of a base station, no preamble will be detectable on the 
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associated branch. In such situations the output for this 
branch can be discarded by the hub station. A suitable 
algorithm for detecting the presence of the preamble is as 
follows. Based on the properties of the training symbols 
TRS I and TRS II the following conditions of the correlation 
coefficient pq and the power index aq in qth processing 
branch are checked to determine whether the preamble is 
detected: 

ll"YqYq I 
Pq = ------==-- > Pthresh 

pq 

and 

IPq.k 

a:q=~<<l 
pq 

Where: 

- 1 LT,ym 2 
pq = - lyq(t)I d/t 

Tsym O 

(14) 

(15) 

(16) 

(17) 

[0066] And yq(t) is the signal output from branch 108(q), 
Pq,k is the kth sub carrier's power in branch 108(q) measured 
in the current OFDM symbol slot. 

[0067] The training symbols TRSI and TRSII could also 
be used by timing and frequency synchronizer 62 for timing 
and frequency correction. 

[0068] A third training symbol TRS III can be used not 
only to eliminate the delay spread between the branches, but 
also to detect whether the signal transmitted by a particular 
transmitter appears in a branch or not. TRS III has a 
spectrum as shown in FIG. 9. The numbers in the brackets 
in FIG. 9 indicate the amplitudes of the sub-carriers in the 
training symbol TRS III. The number (1) means the presence 
of a corresponding sub-carrier with the same amplitude and 
the number ( -1) means the absence of a corresponding 
sub-carrier. The spectrum pattern of TRS III can be designed 
arbitrarily but must be easily distinguished from any other 
OFDM symbols. An example of the spectrum pattern that is 
shown in FIG. 9 can be [1,-1,1,-1,1, -1 ... ]. The phases 
of the sub-carriers in TRS III can be arbitrary or have some 
preferred pattern. 

[0069] Suppose the qth branch (base station) is responsible 
for reception of signals from m assigned transmitters. Each 
transmitter uses its assigned K sub-carriers. The spectrum 
pattern for each transmitter is the same except that it 
represents different sub-carriers. Let the vector U qi represent 
the spectrum pattern for the ith transmitter in the qth branch, 
such that: 

Uq; = Uq1 = ... = Uqm = [l, -1, 1, -1, 1, -1 ... ] (18) 
K subcarriers 
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[0070] The complete desired spectrum pattern in the qth 

branch should be: 

Uq = [Uq1, Uq2, ... , Uqm] = [l, -1, 1, -1, 1, -1 ... ] (19) 
m-K subcarriers 

[0071] (It is assumed in equations (18) and (19) that each 
transmitter 18(i) has the same number of assigned sub­
carriers, however, the algorithm could be modified accord­
ingly for systems in which different transmitters were 
assigned different numbers of subcarriers.) 

[0072] When transmitted data is received, the signal 
power of the sub-carriers assigned to the ith transmitter is 
checked to determine if the signal from the ith transmitter 
appears ( over a certain threshold): 

K 

Pqt = I ISqikl
2 

:2::: Pqi,thres 

k=l 

(20) 

[0073] If the signal from the transmitter appears, then the 
spectrum pattern from the ith transmitter, l'qi• is estimated, as 
follows: 

vqi =[Vqi1' vqi2' ... , vqiK] 

[0074] 

{ 

+ 1, ISqtk I <C Sq;,,hm 
Vqtk = 

-1, ISqtk I < Sqi,thres 

(21) 

(22) 

[0075] Where Sqi,thrns can be calculated, for example, as 
follows: 

0.1 K 

Sqt,thres = /( I ISqik I 
k=l 

(23) 

[0076] The complete estimated spectrum pattern in the qth 

branch is then combined by the spectrum patterns of the 
transmitters detected: 

(24) 

[0077] Note that only the spectrum patterns of detected 
transmitters are included in Vq. Let U'q represent the desired 
spectrum pattern that is combined by the desired spectrum 
patterns of the transmitters in accordance with the transmit­
ter, included in V q and also arranged in the same order. If the 
index y q that is calculated from V q and U'q is bigger than 
Yq,thrns• it indicates that TRS III is detected: 

(25) 
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[0078] The threshold value can be chosen, for example, as 

7r 
J'q,thce, = COSS se 0,9239 

(26) 

[0079] Although the communications system 10 has been 
described largely in the context of an ENG system, it could 
also be used for other uplink data, and could be used as part 
of a two-way communication system as well, It will also be 
appreciated that some of the the hub station processing steps 
could be distributed, rather than centralized at one location, 
While the invention has been described in terms of various 
specific embodiments, those skilled in the art will recognize 
that the invention can be practiced with modification within 
the spirit and scope of the claims, 

We claim: 
L A communications system for transferring signals from 

a wireless transmitter to a hub station, comprising: 

a wireless transmitter configured to transmit a data signal 
using multiple sub-carriers; 

a plurality of base stations each configured to receive the 
multiple sub-carrier data signal and relay the multiple 
sub-carrier data signal to a hub station; 

a hub station configured to receive and combine the 
multiple sub-carrier data signals from the plurality of 
base stations, 

2. The communications system of claim 1 wherein the hub 
station is configured to treat the signals received from the 
plurality of base stations as multipath components, 

3, The communications system of claim 1 wherein the 
wireless transmitter uses an orthogonal frequency division 
modulation (OFDM) scheme to transmit portions of the data 
signal in parallel on multiple sub-carriers, 

4, The communications system of claim 1 wherein the 
communications system is an electronic news gathering 
system, including a video camera and audio transducer 
coupled to the wireless transmitter, the wireless transmitter 
being configured to receive video and audio signals from the 
video camera and audio transducer for inclusion in the data 
signal, 

5, The communications system of claim 1 wherein at least 
some of the base stations are connected to the hub station by 
wired communications links, 

6, The communications system of claim 5 wherein the 
wireless communications links include an optical cable 
portion, 

7, The communications system of claim 1 including a 
plurality of the wireless transmitters, each configured to 
transmit a data signal using multiple sub-carriers, 

8, The communications system of claim 7 wherein at least 
some of the wireless transmitters transmit data signals 
substantially simultaneously, each using a unique set of 
sub-carriers, 

9, The communications system of claim 8 wherein the 
wireless transmitters each include a receiver for receiving a 
reference signal to synchronize operation of the wireless 
transmitters, 

10, The communications system of claim 9 wherein the 
reference signal receiver is a Global Positioning System 
( GPS) receiver, 

8 
Sep.26,2002 

lL The communications system of claim 7 wherein at 
least some of the wireless transmitters transmit data signals 
using the same sub-carriers in different time intervals, 

12. A communications system for transferring information 
from a wireless transmitter to a hub station, comprising: 

a plurality of wireless transmitters, each configured to 
transmit a data signal as successive OFDM symbols; 

a plurality of base stations, each configured to receive 
OFDM symbols from the wireless transmitters located 
in a corresponding coverage area and relay the received 
OFDM symbols to a hub station, at least some of said 
base stations having overlapping coverage areas such 
that more than one base station can receive OFDM 
symbols from the same mobile transmitter; 

a hub station configured to receive the OFDM symbols 
from the base stations and demodulate the OFDM 
symbols and output an estimate of the data signals from 
the wireless transmitters, 

13, The communications system of claim 12 wherein the 
hub station is configured to combine signals received from 
the different base stations, 

14, The communications system of claim 13 wherein the 
hub station is configured to sum the OFDM symbols 
received from the base stations prior to demodulating the 
OFDM symbols, 

15, The communications system of claim 13 wherein at 
least some of the base stations are connected to the hub 
station by independent wired communications links having 
predetermined propagation delays, the hub station including 
buffering to substantially eliminate, prior to combining 
signals received on the communications links, any delay 
spread resulting from the predetermined propagations 
delays, 

16, The communications system of claim 13 wherein the 
hub station is configured to adaptively combine the signals 
received from each of the base stations based on measured 
signals characteristics 

17, The communications system of claim 12 wherein the 
wireless transmitters share a common communications 
channel, the wireless transmitters each being configured to 
receive a common reference signal to synchronize sharing of 
the channel, 

18, The communications system of claim 17 wherein the 
common reference signal is a GPS signal, 

19, The communications system of claim 12 wherein the 
wireless transmitters periodically transmit predetermined 
psuedo-random training symbols, the hub station being 
configured to determine, for at least some of the base 
stations, if the base station has received a transmission from 
the wireless transmitters by checking for the presence of the 
training symbols in signals received from the base station, 

20, The communications system of claim 12 wherein the 
wireless transmitter each use a unique set of sub-carriers for 
transmitting the OFDM symbols, 

21, A method for providing data signals, said method 
comprising: 

( a) receiving at a plurality of base stations data signals 
transmitted from a mobile wireless transmitter using 
multiple sub-carriers, and relaying the data signals 
using multiple sub-carriers from the plurality of base 
stations to a hub station; and 
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(b) receiving and combining at the hub station the data 
signals from the plurality of base stations. 

22. The method of claim 21 including outputting at the 
hub station, based on the combined data signals from the 
plurality of base stations, an estimate of the signals trans­
mitted from the mobile wireless transmitter. 

23. A receiver network for receiving from at least one 
wireless transmitter data signals that include successive 
OFDM symbols, comprising: 

a plurality of spaced apart base stations configured to 
substantially simultaneously receive OFDM symbols 
from the at least one wireless transmitter and transmit 
the OFDM symbols to a hub station; 

a hub station configured to receive and demodulate the 
OFDM symbols from the base stations. 

24. The receiver network of claim 23 wherein the hub 
station is configured to perform a discrete Fourier transform 
on a sum of the OFDM symbols received from the base 
stations. 

25. The receiver network of claim 23 wherein each of the 
base stations is connected to the hub station by a substan­
tially independent communications link. 

26. The receiver network of claim 25 wherein the com­
munications links are wired links having predetermined 
propagation delays, and the receiver network includes buff­
ering to reduce any delay spread resulting from differences 
in the propagations delays of the independent wired links. 

27. The receiver network of claim 25 wherein the hub 
station is configured to perform a separate discrete Fourier 
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transform on the OFDM symbols received from at least 
some of the different base stations, and combine the trans­
formed symbols based on measured signal characteristics. 

28. The receiver network of claim 27 wherein the hub 
station is configured to combine the transformed symbols 
based on noise characteristics of signals received from the 
independent wired links. 

29. The receiver network of claim 27 wherein the wireless 
data signals include training symbols, the hub station being 
configured to determine which base stations have received a 
transmission from the wireless transmitter by checking for 
the presence of the training symbols in signals received from 
the base stations. 

30. The receiver network of claim 29 wherein the training 
symbols are predetermined psuedo-random symbols. 

31. The receiver network of claim 29 wherein the training 
symbols comprise OFDM symbols having predetermined 
characteristics distinguishable from OFDM symbols used to 
transmit useful data, the hub station being configured to 
determine the presence of the training symbols by determin­
ing if the signal power of sub-carriers associated with the at 
least one wireless transmitter exceed a threshold value. 

32. The receiver network of claim 31 wherein the hub 
station is configured to reduce differences in propagation 
delays between the communications links by measuring time 
differences of training symbols detected on the communi­
cations links and buffering the symbols from the communi­
cations links based on the measured timing differences. 

* * * * * 




