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APPARATUS AND METHOD FOR OFDM DATA 
COMMUNICATIONS 

RELATED APPLICATION 

0001. This application is a divisional of U.S. patent 
application Ser. No. 09/842,128 filed on Apr. 26, 2001 and 
claims the benefit of U.S. provisional application Ser. No. 
60/258,558 filed on Dec. 29, 2000. 

FIELD OF THE INVENTION 

0002 This invention relates generally to radio data com 
munications and, in particular, to apparatus and methods for 
Orthogonal Frequency Division Multiplexed (OFDM) data 
communications. 

BACKGROUND OF THE INVENTION 

0003) In an OFDM system, a Radio Frequency (RF) 
channel (or bearer) that is transmitted from a Base Trans 
ceiver Station (BTS) to one or more mobile terminals is 
subdivided into a plurality of data traffic carriers with 
overlapping spectrum along with various pilot and common 
Signalling carriers that are distributed acroSS the RF channel. 
The pilot carriers within an RF channel are utilized to 
broadcast pilot information, which is generally referred to as 
a pilot channel, from a Base Transceiver Station (BTS) to 
one or more mobile terminals, this pilot channel being used 
by the mobile terminals for frequency reference, carrier 
recovery and channel estimates. The signalling carriers 
within an RF channel are utilized to communicate Signalling 
information (Such as control messages), which is generally 
referred to as signalling channels, from the BTS to mobile 
terminals. The data traffic carriers within an RF channel are 
utilized to communicate data traffic information, generally 
referred to as data traffic channels, from the BTS to mobile 
terminals. 

0004. In an OFDM system, there is a need for the pilot 
information and Signalling messages to be consistently 
transmitted to all mobile terminals in a particular coverage 
area. In a well-known implementation, the pilot, Signalling 
and data traffic channels for a given RF channel share the 
Same antenna beam which is transmitted to an entire cov 
erage area from the BTS, the coverage area generally being 
a single Sector within a Sectorized wireleSS network. In this 
implementation, a Sector omni-directional antenna is used 
that allows the pilot, Signalling, and data traffic channels to 
reach each mobile terminal within the coverage area Simul 
taneously. The coverage area may be the full 360 degree cell 
area around the BTS or the coverage area may be a Sector of 
the 360 degrees. Commonly the cells are tri-sectored with 
each Sector being 120 degrees. The Sector omni-directional 
antenna thus is designed to provide coverage throughout the 
Sector and a number of Sector antennas are arranged for full 
coverage of the cell. The pilot and Signalling channels are 
utilized by all of the mobile terminals within the coverage 
area while the data traffic channels are processed only by the 
mobile terminal(s) that the data traffic was targeted for, these 
mobile terminal(s) being referred hereinafter as the target 
mobile terminals. 

0005 One problem with this implementation is the lim 
ited power (or link gain) that a sector omni-directional 
broadcast is capable of while reaching all of the mobile 
terminals within the coverage area Simultaneously. At the 
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high bit rates that the data traffic is typically transmitted at, 
the power to transmit the RF channel to the target mobile 
terminal(s) with a sector omni-directional broadcast would 
be relatively expensive and possibly impractical. This is 
especially true, in cases where physical barrierS Such as 
walls and buildings are between the BTS and the target 
mobile terminal(s). The use of a sector omni-directional 
broadcast further introduces the possibility of interference 
into adjacent cells or Sectors, this interference increasing as 
the power of the transmission increases. 
0006 Hence, modified transmission techniques are 
required that allow for Sufficient signal power Such that the 
BTS can reach any target mobile terminal within its cover 
age area. Preferably, this modified transmission technique 
would also reduce the interference introduced into adjacent 
cells or Sectors. 

SUMMARY OF THE INVENTION 

0007. The present invention is directed to apparatus and 
method for OFDM data communications. In the present 
invention, a BTS utilizes a directional beam to transmit data 
traffic channels to target mobile terminal(s). In one embodi 
ment, the directional beam contains the entire RF channel 
and rotates through the coverage area Such that each mobile 
terminal within the coverage area can have access to the 
pilot and Signalling channels while the target mobile termi 
nal(s) can have access to the entire RF channel. In other 
embodiments of the present invention, the RF channel is 
divided into at least two beams, at least one beam transmit 
ting the data traffic channels, hereinafter referred to as the 
data traffic information, and at least one beam transmitting 
the pilot and Signalling channels, hereinafter referred to as 
the Service information. This Service information may also 
include other kinds of information that is meant to be 
broadcast to all mobile terminals within the coverage area. 
The beam transmitting the data traffic information is a 
directional beam to ensure Sufficient power is directed at the 
target mobile terminal(s) while the beam transmitting the 
Service information can either be a Sector omni-directional 
beam or a rotating directional beam. 
0008. The data traffic information may also include pilot 
carriers for the purpose of channel estimation, Synchroniza 
tion and/or frequency reference. It should be noted that when 
data traffic information is referred hereinafter, it implies that 
it may include the pilot channels. If multiple beams are 
carrying the pilot channels using the same frequency carriers 
and covering the same target mobile terminal, then tech 
niques Such as coding may be used to differentiate the pilot 
carriers belonging to the different beams. 
0009. The directional beam may be directed towards the 
target mobile terminal(s) by means of the mobile terminal(s) 
known location in the case of fixed terminals. Alternatively, 
each of the target mobile terminal(s) could have locating 
equipment that allows it to report its location to the BTS or 
could be located with the use of feedback information 
Signalling sent from each of the target mobile terminal(s) to 
the BTS which is used by the BTS to direct the directional 
beam. 

0010. The present invention, according to a first broad 
aspect, is an OFDM BTS arranged to communicate with a 
plurality of mobile terminals within a coverage area includ 
ing at least one target mobile terminal. In this aspect, the 
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BTS includes a processing apparatus and a transmission 
apparatus. The processing apparatus operates to receive and 
proceSS Service and data traffic information. The transmis 
Sion apparatus operates to receive the processed Service and 
data traffic information, to transmit the processed Service 
information on a first Set of carriers to the mobile terminals 
within the coverage area with a first transmission beam and 
to transmit the processed data traffic information on a Second 
Set of carriers to the target mobile terminal with a Second 
transmission beam. In this aspect, the Second transmission 
beam is a directional transmission beam. 

0011. In one embodiment, the first transmission beam is 
sufficiently broad for each of the mobile terminals within the 
coverage area to receive the processed Service information. 
In another embodiment, the first transmission beam is a 
directional transmission beam. In this case, the BTS is 
operable to modify the direction of focus of the directional 
first transmission beam in order for each of the mobile 
terminals within the coverage area to receive the processed 
Service information. 

0012. In cases of directional beams being utilized, a 
number of embodiments of transmission apparatus are poS 
Sible. In one implementation, the transmission apparatus 
includes a number of output paths, each of the output paths 
consisting of a phase adjuster coupled to the processing 
apparatus and further coupled in Series with a transmitter 
and an antenna. In this case, the output paths each receive 
the required processed information from the processing 
apparatus and operate together to generate the directional 
beam by Selectively adjusting their respective phase adjust 
erS. In another embodiment, the transmission apparatus 
includes a Switch coupled to the processing apparatus and a 
number of output paths coupled to the Switch, each of the 
output paths consisting of a transmitter coupled to the Switch 
and a directional antenna coupled to its corresponding 
transmitter. In this case, the Switch receives the processed 
information from the processing apparatus and Selectively 
forwards the processed information to a set of the output 
paths to generate the directional beam. In yet another 
embodiment, the transmission apparatus includes a Single 
transmitter coupled to the processing apparatus, a Switch 
coupled to the transmitter and a plurality of directional 
antennas coupled to the Switch. In this case, the transmitter 
receives the processed information from the processing 
apparatus and processes this information in order to prep it 
for transmission. The Switch then selectively forwards the 
output from the transmitter to a set of the antennas to 
generate the directional beam. 

0013 In a second broad aspect, the present invention is 
an OFDM BTS similar to that of the first broad aspect but 
with a modified transmission apparatus. In this aspect, the 
transmission apparatus operates to receive the processed 
Service and data traffic information, to transmit the pro 
cessed Service information on a first Set of carriers and the 
processed data traffic information on a Second Set of carriers 
using a directional transmission beam. In this case, the BTS 
is operable to modify the direction of focus of the directional 
transmission beam in order for each of the mobile terminals 
within the coverage area to receive the processed Service 
information. 

0.014. In a third broad aspect, the present invention is a 
Base Transceiver Station (BTS) arranged to communicate 
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with a plurality of mobile terminals within a coverage area. 
In this aspect, the BTS includes means for receiving Service 
and data traffic information, means for transmitting the 
Service information on a first Set of carriers to the mobile 
terminals within the coverage area and means for transmit 
ting the data traffic information with high link gain on a 
Second Set of carriers to the target mobile terminal. 

0015. In further aspects of the present invention are 
methods of transmitting Service and data traffic information 
to a plurality of mobile terminals within a coverage area, at 
least one of the mobile terminals being a target mobile 
terminal. In one aspect, the method includes receiving 
Service and data traffic information, transmitting the Service 
information on a first Set of carriers to the mobile terminals 
within the coverage area with a first transmission beam and 
transmitting the data traffic information on a Second Set of 
carriers to the target mobile terminal with a Second trans 
mission beam, the Second transmission beam being a direc 
tional transmission beam. In another aspect, the method 
includes receiving Service and data traffic information, trans 
mitting the Service information on a first Set of carriers to the 
mobile terminals within the coverage area with a directional 
transmission beam and transmitting the data traffic informa 
tion on a Second Set of carriers to the target mobile terminal 
with the directional transmission beam. In this aspect, the 
method further includes modifying the direction of focus of 
the directional transmission beam in order for each of the 
mobile terminals within the coverage area to receive the 
processed Service information. 

0016. In yet another aspect, the present invention is a 
system including a Base Transceiver Station (BTS) accord 
ing to one of the first and Second aspects and a plurality of 
mobile terminals within a coverage area of the BTS. In this 
case, at least one of the mobile terminals is a target mobile 
terminal. 

0017. In an even further aspect, the present invention is 
a mobile terminal arranged to communicate with a BTS. In 
this aspect, the mobile terminal includes a radio reception 
apparatus and a monitor apparatus coupled to the radio 
reception apparatus. The radio reception apparatus operates 
to receive and proceSS Service information on a first Set of 
carriers from at least one first transmission beam and to 
receive and process data traffic information on a Second Set 
of carriers from at least one Second transmission beam. The 
monitor apparatus operates to determine if one or more of 
Service information and data traffic information has been 
received at the radio reception apparatus. If only Service 
information has been received, the monitor apparatus oper 
ates to instruct the BTS to attend to the received service 
information. If only data traffic information has been 
received, the monitor apparatus operates to instruct the BTS 
to attend to the received data traffic information. And if 
Service and data traffic information has been received, the 
monitor apparatus operates to instruct the BTS to attend to 
both the received service and data traffic information. 

0018. Other aspects and features of the present invention 
will become apparent to those ordinarily skilled in the art 
upon review of the following description of Specific embodi 
ments of the invention in conjunction with the accompany 
ing figures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0.019 Embodiments of the present invention are 
described with reference to the following figures, in which: 
0020 FIG. 1 is a block diagram illustrating a radio 
system using OFDM with a rotating directional beam; 

0021 FIGS. 2A and 2B are block diagrams illustrating 
first and second implementations of the BTS of FIG. 1; 
0022 FIG. 3 is a chart illustrating pilot and signalling 
channels changing frequency over time within an RF chan 
nel; 

0023 FIGS. 4A, 4B and 4C are charts illustrating a 
sample OFDM signal, the sample OFDM signal with the 
data traffic channels removed and the sample OFDM signal 
with the pilot and Signalling channels removed respectively; 

0024 FIG. 5 is a block diagram illustrating a radio 
system using OFDM with a directional data traffic beam and 
a Sector omni-directional Service beam; 

0025 FIGS. 6A, 6B and 6C are block diagrams illus 
trating first, second and third implementations of the BTS of 
FIG. 5; 

0.026 FIG. 7 is a block diagram illustrating a radio 
system using OFDM with a directional data traffic beam and 
a rotating directional Service beam; 

0027 FIGS. 8A, 8B and 8C are block diagrams illus 
trating first, second and third implementations of the BTS of 
FIG. 7; 

0028 FIG. 9 is a block diagram illustrating a radio 
system using OFDM in which two adjacent sectors each 
have a rotating directional beam; and 

0029 FIG. 10 is a block diagram of a mobile terminal 
that could be utilized within the OFDM radio systems 
illustrated in FIGS. 1, 5 or 8. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0030 Embodiments of the present invention are directed 
to apparatus and methods for Orthogonal Frequency Divi 
sion Multiplexed (OFDM) radio data communications. In 
these embodiments of the present invention, at least one 
directional beam, as will be described herein below, is 
utilized to ensure data traffic channels being directed at a 
target mobile terminal have Sufficient power. AS described 
below, there are numerous possible implementations for 
OFDM radio systems utilizing at least one directional beam 
for the data traffic channels. 

0031. Within the embodiments of the present invention 
described below, the coverage areas for particular BTS 
comprise individual Sectors, though this should not limit the 
Scope of the present invention. For high frequency reuse, a 
wireleSS cell can be divided into n Sectors, in commonly 
being three within many current wireleSS implementations. 
Within a Sectorized System, each Sector is operationally 
treated as a different cell. It should be understood that in 
alternative embodiments, the present invention could be 
implemented within a coverage area other than an individual 
Sector, Such as an entire cell or another region of Space. 
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0032) Directional wireless beams, using multiple anten 
nas which are Sometimes referred to as Smart antennas, have 
been utilized previously within wireless systems. Smart 
antenna technology includes intelligent antennas, phased 
arrays, Spatial Division Multiplex Access (SPMA) arrays, 
digital beam forming arrays, adaptive antenna Systems and 
Switched beam antennas. In general, Smart antenna technol 
ogy can be categorized into two main groups: Switched 
beam and adaptive array technologies. Switched beam 
antenna Systems form multiple fixed beams with enhanced 
Sensitivity in certain directions. This antenna System in 
operation Switches from one beam to another as needed to 
move the directional beam to the currently necessary direc 
tion. Adaptive antenna technology, on the other hand, uses 
Signal processing capabilities to locate and track various 
types of Signals in order to dynamically direct a beam 
towards the mobile terminal to minimize interference and 
maximize intended signal reception. 
0033. In a first embodiment of the present invention, as 
illustrated in FIG. 1, a BTS 50 utilizes a directional wireless 
beam 52 to transmit data traffic channels to a target mobile 
terminal 54. Data traffic information (within the data traffic 
channels), as Stated above, may include pilot signal infor 
mation which may be used for channel estimation. The use 
of a directional beam System allows Sufficient link gain to 
transmit the data traffic channels within the RF channel to 
the target mobile terminal 54 by Steering energy towards the 
terminal 54 and thus, improving radio link performance. The 
use of this directional wireleSS beam achieves the needed 
power gain to the target mobile terminal 54 as well as 
reducing interference due to reuse of the same RF channel 
in neighbouring cells (or even within the same cell). Direct 
ing the energy in this way results in other mobile terminals 
56 outside of the beam 52 to receive no or very limited 
amounts of the transmitted signals within the RF channel. 
Thus, the mobile terminals 56 outside of the beam 52 cannot 
receive any broadcast pilot information or signalling mes 
Sages within the pilot and Signalling channels. 
0034) To allow for the directional beam 52 to be used to 
transmit data traffic channels to the target mobile terminal 54 
while Still allowing pilot and Signalling channels to be 
transmitted to all of the other mobile terminals 56 within the 
coverage area, a time division approach is implemented in 
the first implementation illustrated in FIG. 1. In this imple 
mentation, the BTS 50 transmits the directional wireless 
beam 52 in a rotating fashion, hereinafter referred to as a 
rotating beam, for the RF channel. In this implementation, 
each mobile terminal 54.56 is scheduled to be within the 
directional beam 52 for a respective time interval. During 
the time interval in which the directional beam 52 is directed 
at the target mobile terminal 54, pilot and Signalling chan 
nels can be received at the terminal 54 along with the data 
traffic channels. During each of the other time intervals 
during which the beam is directed towards the other mobile 
terminals 56, pilot and Signalling channels can be received 
at the corresponding terminals. The determination of these 
transmission time intervals depends upon the data transfer 
rate required by the target mobile terminal 54 and the 
acceptable time delays between receiving pilot and Signal 
ling channel information at the other mobile terminals 56. 
Hence, the Setting of the time intervals is an implementation 
detail which can be adjusted depending upon the Situation. 
In one alternative, rather than assigning mobile terminals 
respective time intervals, the rotating beam simply Sweeps 
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through the coverage area of the BTS 50 at a rate that 
enables each mobile terminal to receive signalling and pilot 
channel bursts within the time the beam is passing the 
particular mobile terminal. In another alternative, Several of 
these beams may be active within a Sector. In this case, 
where the data traffic information also includes the pilot 
Signal and the pilot Signal occupies the same frequency Set 
as the pilot signal of another beam, then techniqueS Such as 
coding may be used at the transmit end and matched filtering 
at the receive end to differentiate the two pilot Signals 
belonging to the two beams. 

0035 FIGS. 2A and 2B illustrate two possible imple 
mentations for the BTS 50 of the first embodiment of the 
present invention described above with reference to FIG. 1. 
In both the implementations of FIGS. 2A and 2B, the BTS 
50 comprises a data information processor 60, a Signalling 
information processor 62, a pilot processor 64, an Inverse 
Fast Fourier Transform (IFFT) block 66 coupled to each of 
the processors 60,62,64 and an output block coupled to the 
IFFT block 66. These components function together to 
proceSS and transmit the data, Signalling and pilot channels 
to the appropriate mobile terminals 54.56. The difference 
between these implementations is the design of the output 
block and therefore, the manner in which the directional 
beam is generated. It is noted that there are other designs 
possible to generate a similar directional beam. 

0036). In both FIGS. 2A and 2B, the data information 
processor 60 is input with data information and performs 
numerous well-known processing functions on the received 
data information; these well-known processing functions 
including Forward Error Correction (FEC) encoding, rate 
matching, interleaving and modulation mapping. Although 
all of these functions are shown in a particular order in 
FIGS. 2A and 2B, one skilled in the art would understand 
that these functions could be performed in a different order 
with a similar resulting output. Further, in alternative 
embodiments, not all of the functions illustrated, Such as 
FEC encoding, are performed by the processor 60 and/or 
additional functions not described are also performed. It is 
noted that the data information being input to the data 
information processor 60 could be in a number of different 
formats such as an Internet Protocol (IP) packet format, 
Motion Picture Experts Group (MPEG) coded images, video 
or another Standard data unit format. 

0037. The signalling information processor 62 is input 
with Signalling information that needs to be transmitted to 
one or more of the mobile terminals within the coverage 
area. This processor 62 performs well-known processing 
functions similar to the data information processor 60. These 
well-known processing functions in FIGS. 2A and 2B 
include FEC encoding, rate matching, interleaving and 
modulation mapping. It should be understood, Similar to that 
described above for the data information processor 60, that 
the Signalling information processor 62 could perform the 
functions in a different order than illustrated in FIGS. 2A 
and 2B, might not perform all of these functions and/or 
could perform additional functions not described. 
0038. The pilot processor 64, as illustrated in FIGS. 2A 
and 2B, is primarily used to perform modulation mapping 
on pilot Signals that are input to the processor 64. Although 
not shown, it should be understood that the pilot processor 
64 could perform additional functions not described. 

Mar. 9, 2006 

0039. Although illustrated and described as three sepa 
rate and distinct processors 60,62,64, it should be under 
stood that the common algorithms performed within these 
processors could be shared. Further, these processors 60.62, 
64 could be implemented within a Single component or 
within a plurality of Separate components. 

0040. The IFFT block 66, illustrated within FIGS. 2A 
and 2B, operates to transform the frequency-based data, 
Signalling and pilot Signals received from the data informa 
tion processor 60, Signalling information processor 62 and 
the pilot processor 64 respectively into a time-based output. 
This time-based output combines a data Sub-carrier time 
Sequence, a signalling Sub-carrier time Sequence and a pilot 
Sub-carrier time Sequence which is forwarded to the output 
block. 

0041. For the implementation illustrated within FIG. 2A, 
the BTS 50 includes an output block 70 that comprises a 
Peak to Average Power Ratio (PAPR) block 71 coupled to 
the IFFT block 66 and further coupled to a plurality of 
parallel output paths; the PAPR block 71 reducing the peak 
to average power ratio of the Signals forwarded to the output 
paths. Each of the output paths comprises a respective phase 
adjuster 72a,72b,72c,72d coupled to the PAPR block 71 and 
further coupled in Series with a respective outputting appa 
ratus 74a,74b,74c,74d and a respective antenna 76a,76b, 
76c,76d; the antennas providing Sector coverage. In this 
implementation, the phase by which each of the phase 
adjusters 72a,72b,72c,72d adjusts the sub-carrier time 
Sequences dictates the particular direction the array of 
antennas transmits the Strongest energy. Hence, to generate 
the rotating directional beam as described above for the first 
implementation of FIG. 1, the phase adjusters 72a,72b,72c, 
72d are adjusted Systematically Such that the transmission 
energy is directed to each mobile terminal within the cov 
erage area for the proper time period. 
0042. In order to control the phase adjusters 72a,72b,72c, 
72d, the output block 70 further comprises a beam direction 
control block 78, coupled to each of the phase adjusters, that 
is preferably implemented within an existing processor of 
the BTS 50. Alternatively, the beam direction control block 
78 could be implemented within a separate processor or in 
hard logic devices. The beam direction control block 78 
calculates the necessary phase adjustments to direct the 
beam as required. In the case of a BTS 50 that generates a 
rotating directional beam as illustrated in FIG. 2A, the block 
78 continuously adjusts the phases of the different output 
paths. So that the resulting directional beam Sweeps through 
the Sector at the appropriate rate. In order to properly direct 
the directional beam, the beam direction control block 78 
preferably is aware of the location of the mobile terminal(s) 
within the coverage area; the block 78 determining the 
location of the mobile terminal(s) within its coverage area 
via a number of possible techniques. For one, in the case of 
fixed terminals, the block 78 could have the locations of the 
terminals within its coverage area predefined. Further, the 
mobile terminal(s) could report their location to the BTS 50 
with the use of an on-board Global Positioning Satellite 
(GPS) apparatus (or similar location identifying apparatus). 
Yet further, the processing of Signals received from the 
mobile terminal(s) at the BTS 50 could allow the block 78 
to identify the location (or direction) of the mobile termi 
nal(s); for example with the analysis of the angle of arrival 
of the mobile terminals signals. In any of these cases, the 
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determination of the location of the mobile terminal(s) 
within the coverage area allows the beam direction control 
block 78 to set the phases of the phase adjusters 72a,72b, 
72c,72d to point the beam in the desired direction. 
0043. As illustrated in FIG. 2A, the outputting apparatus 
74a,74b,74c,74d each comprise a Digital-to-Analog (D/A) 
converter and a transmitter coupled in Series between their 
respective phase adjusters 72a,72b,72c,72d and their respec 
tive antennas 76a,76b,76c,76d. The implementation and 
operation of these components within the outputting appa 
ratus would be well-known by one skilled in the art. 
0044) For the implementation illustrated in FIG. 2B, the 
BTS 50 includes an output block 80 that comprises a PAPR 
block 81 coupled to the IFFT block 66 and further coupled 
to a Switch 82 and a plurality of output paths coupled to the 
Switch 82. The PAPR block 71 operates in a similar manner 
to the PAPR block 61 described above. Each of the output 
paths comprises a respective outputting apparatus 84a,84b, 
84c,84d coupled to the Switch 82 and further coupled in 
series with a respective directional antenna 86a,86b.86c, 
86d. In this implementation, each of the directional antennas 
86a,86b.86c,86d have a different principle direction for the 
Strongest energy to be transmitted. Hence, to generate the 
rotating directional beam, as described above for the first 
embodiment of the present invention, the Switch 82 system 
atically Switches the pilot, Signalling and data Sub-carrier 
time Sequences to different outputting paths. Such that each 
mobile terminal within the coverage area is being transmit 
ted to during the proper time period. As illustrated in FIG. 
2B, the outputting apparatus 84a,84b,84c,84d are identical 
to that described within the output block 70 illustrated 
within FIG. 2A. 

0045 Similar to FIG. 2A, the implementation of the BTS 
50 of FIG. 2B further comprises a beam direction control 
block 88 that is coupled to the Switch 82. In this case, the 
beam direction control block operates to control the Switch 
82 such that an appropriate directional antenna 86a,86b.86c, 
86d is selected. Although not illustrated in all figures show 
ing implementations for the BTS 50 depicted herein below, 
it should be understood that at least one beam direction 
control block similar to block 78 or block 88 would be 
implemented within each of the implementations requiring 
one or more directional beams as described herein below. 

0046) There are alternatives to the implementation of 
FIG. 2B. For instance, the Switch 82 could be moved to 
reduce the need for multiple outputting apparatus 84a,84b, 
84c,84d. In this alternative, the PAPR block 81 could be 
implemented in Series with a single outputting apparatus and 
the Switch 82, the Switch 82 being coupled to each of the 
directional antenna 86a,86b.86c,86d. This arrangement 
operates in a similar manner as the implementation of FIG. 
2B, but can reduce costs by reducing the need for additional 
D/A converters and transmitters. The problem with this 
alternative is that the Switch 82 must be capable of handling 
high RF powerS Since it is located after the amplification 
Stage within the transmitter. 
0047 Although there are four parallel output paths with 
an antenna array of four within both the output block 70 of 
FIG. 2A and the output block 80 within FIG. 2B, it should 
be recognized that other alternatives are possible. In par 
ticular, it should be understood that additional antennas 
could be included within the array, each additional antenna 
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having yet another parallel output path. If the output block 
implementation of FIG. 2A had greater than four output 
paths with corresponding antennas, an increasingly focussed 
directional beam could be possible. If the output block 
implementation of FIG. 2B had greater than four output 
paths with corresponding antennas, each antenna could be 
designed to focus on a Smaller Slice of the Overall coverage 
area, hence allowing for higher link gain. Similarly, it should 
be recognized that it is possible to implement the first 
implementation with less than four output paths with cor 
responding antennas. 

0048 FIG. 3 is a chart illustrating data, pilot and signal 
ling Sub-carrier frequency allocations over time within an 
RF channel. This implementation for an OFDM system is 
referred to as a “wandering frequency allocation. In other 
implementations, the frequency allocations can be fixed. 
Both wandering and fixed plot and Signalling carriers are 
used, for example, in the DVB-T transmission standard (see 
ETSI standard EN 300 744 V1.1.2 (1997-08) European 
Standard (Telecommunications series) Digital Video Broad 
casting (DVB), framing structure, channel coding and 
modulation for digital terrestrial television). In either case, at 
any one time, each carrier is being utilized by only one of the 
data, Signalling and pilot channels. Hence, by Separating out 
the carriers, it is possible to Separate the data, Signalling and 
pilot channels into a plurality of Separate transmissions. This 
is an important aspect of embodiments of the present inven 
tion described below with reference to FIGS. 4 to 9. If the 
wandering frequency allocation is used, it should be under 
stood in the following description that the apparatus is 
operated to take into account the changing frequencies of the 
carriers for the data, Signalling and pilots. These changes 
occur according to a pattern that is known to both the 
transmitter and the receiver of the radio System. 

0049. These figures illustrate how the carriers fit together 
Such that a mobile terminal receiver may receive the Sig 
nalling and pilot channels, the data channels, or both if the 
channels are transmitted through antennas with differing 
coverage areas by the BTS 50. 

0050. In some embodiments of the present invention, a 
different antenna implementation than is described above for 
the implementation of FIG. 1 is utilized to ensure a suffi 
ciently powerful transmission of the data channels to the 
target mobile terminal while Still maintaining transmission 
of the pilot and Signalling channels to any other mobile 
terminals within the coverage area. In these embodiments of 
the present invention, the RF channel is divided into at least 
two separate transmissions, at least one for the data channels 
and at least one for the pilot and Signalling channels. One 
possible division of an RF channel is illustrated within 
FIGS. 4A through 4C. FIG. 4A is a chart illustrating a 
Sample OFDM signal in which pilot, Signalling and data 
channels are shown together. Here the pilot, Signalling and 
data carriers are shown with a similar legend as illustrated on 
FIG. 3. As depicted, these carriers are shown with differing 
amplitudes. Typically, the amplitude of each carrier would 
be chosen based upon the radio propagation conditions and 
the modulation and coding being used. If the wandering pilot 
and Signalling Scheme were utilized, the frequency location 
of the channels would change with time. One of the data 
carriers is shown with an increased amplitude to indicate, as 



US 2006/0052139 A1 

noted previously, that the data channel may include pilot 
carriers to enable the receiver to estimate the radio channel 
propagation conditions. 
0051 FIG. 4B is a chart illustrating the same sample 
OFDM signal of FIG. 4A with the data channels removed, 
hence leaving only the Signalling and pilot channels. FIG. 
4C is a chart illustrating the same sample OFDM signal of 
FIG. 4A with the pilot and signalling channels removed, 
hence leaving only the data channels. 
0.052 Embodiments for transmitting the signal of FIG. 
4C to the target mobile terminal while transmitting the 
signal of FIG. 4B to all of the mobile terminals within the 
coverage area will now be described with reference to FIGS. 
5 through 9. In these embodiments, there are only two 
transmissions, though this should not limit the Scope of the 
present invention. It should be recognized that expansions of 
these embodiments could be designed in which the OFDM 
Signals are divided into more than two transmissions. For 
instance, in one alternative embodiment, data, pilot and 
Signalling channels could each have Separate transmissions. 
0.053 FIG. 5 is a block diagram illustrating a radio 
System using OFDM, according to a Second embodiment of 
the present invention, similar to that depicted in FIG. 1 but 
with the BTS 50 having a directional transmission beam for 
the data channels, hereinafter referred to as a data traffic 
directional beam, and a separate Sector omni-directional 
transmission beam for the pilot and Signalling channels, 
hereinafter referred to as a Service Sector omni-directional 
beam. Within FIG. 5, a directional beam 88 is utilized as the 
data traffic beam in order for the BTS 50 to transmit the data 
traffic with Sufficient link gain to the target mobile terminal 
54 while a sector omni-directional beam 89 is utilized as the 
service beam in order for the BTS 50 to transmit the pilot 
and Signalling channels continually to all of the mobile 
terminals in its coverage area. A Sector omni-directional 
beam is generally Sufficient for transmission of the pilot and 
Signalling channels to the mobile terminals since the bit rate 
of these transmissions is generally lower compared with that 
for the data traffic channels. 

0054) To enable a sufficient link budget, the service sector 
omni-directional beam may have a different modulation or 
Symbol rate compared to the data directional beam in order 
to compensate for the broader Service beam. In one imple 
mentation, the Hierarchical modulation technique used in 
the DVB-T standard as described previously is used for the 
Service beam. In this case, the data directional beam is 
operated in the full modulation constellation while the 
Service Sector omni-directional beam operates in the Smaller 
modulation constellation. One advantage of this technique is 
that the same receiver can be used to receive both portions 
of the OFDM signal. 
0055 FIGS. 6A, 6B and 6C are block diagrams illus 
trating first, Second and third possible implementations of 
the BTS 50 of the second embodiment of the invention. 
These possible implementations of the BTS 50 include an 
identical data information processor 60, Signalling informa 
tion processor 62, pilot processor 64 and IFFT block 66 as 
described above for FIGS. 2A and 2B. Similar to the BTS 
of FIGS. 2A and 2B, the blocks 60,62,64,66 of FIGS. 
6A,6B,6C could be implemented with alternative versions as 
discussed above. 

0056. The difference between the BTS designs of FIGS. 
2A, 2B, 6A, 6B and 6C are the different implementations of 
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their respective output blocks. FIGS. 6A, 6B and 6C illus 
trate three possible implementations of output blocks that 
allow for the generation of the transmission beams 88,89 of 
FIG. 5 according to the second embodiment of the present 
invention. The below description of these three implemen 
tations should not limit the Scope of the present invention for 
it should be understood that these sample implementations 
are not meant to be an inclusive Set of all possible imple 
mentations. 

0057 For the implementation illustrated within FIG. 6A, 
the BTS 50 includes an output block 90 that comprises a data 
traffic beam PAPR block 91 coupled to the IFFT block 66 
and further coupled to a plurality of parallel data traffic beam 
output paths; and a service beam PAPR block 97 coupled to 
the IFFT block 66 as well as a separate service beam output 
path. The operation of the PAPR blocks 91.97 are similar to 
that described above for block 71 with reference to FIG.2A. 
As well, similar to that described above with FIG. 2A, each 
of the data traffic beam output paths comprises a respective 
phase adjuster 92a,92b,92c,92d coupled to the PAPR block 
91 and further coupled in Series with a respective outputting 
apparatus 94a,94b,94c.94d and a respective antenna 96a, 
96b,96c.96d. In this implementation the antennas 96a,96b, 
96c,96d are sector omni-directional antennas with the direc 
tional beam 88 being formed through the use of the phase 
adjusters. The phase adjusters 92a,92b,92c,92d each receive 
the data traffic sub-carrier's time sequences from the PAPR 
block 91 and adjust the phase of the Sub-carrier time 
Sequences in order to dictate the particular direction the 
array of antennas transmits the Strongest energy. Hence, to 
generate the data traffic beam 88 as described above for the 
Second embodiment of the present invention, the phase 
adjusters 92a,92b,92c,92d are adjusted such that the trans 
mission energy is directed to the target mobile terminal. AS 
discussed previously, a beam direction control block Similar 
to that described above for block 78 would be further 
implemented to control the phase adjusters 92a,92b,92c, 
92. 

0058. The service beam output path comprises an out 
putting apparatus 98 coupled between the PAPR block 97 
and a service beam antenna 99. In this implementation, the 
outputting apparatuS 98 receives the pilot and Signalling 
data-carrier's time sequence from the PAPR block 97 and, 
after processing these time Sequences, forwards them to the 
antenna 99. The antenna 99 is a sector omni-directional 
antenna that allows for the transmission of the Service beam 
89 throughout the coverage area of the BTS 50 with rela 
tively even link gain. 

0059 Similar to that described above for the output block 
of FIG. 2A, the outputting apparatus 94a,94b,94c.94d98 of 
FIG. 6A each comprise a D/A converter and a transmitter 
coupled to their respective antennas 96a,96b,96c.96d,99. 
The implementation and operation of the components within 
the outputting apparatus would be well-known by one 
skilled in the art. 

0060. In the implementation of FIG. 6A, and in further 
implementations described herein, the IFFT block 66 pro 
vides two output time Sequences, one for the Service Sub 
carriers (pilot and signalling) and the other for the data traffic 
Sub-carriers. These two time Sequences may be readily 
formed by the IFFT block 66 by performing two IFFT 
operations on the two groups of Sub-carriers. Alternatively, 
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a single IFFT operation could be performed but with a 
modified output calculation utilizing two output accumula 
tors, each accumulator arranged to include only components 
of the corresponding Sub-carriers. 
0061 For the implementation illustrated in FIG. 6B, the 
BTS 50 includes an output block 100 which is virtually 
identical to that described above with reference to FIG. 6A. 
The alternative that is being illustrated in FIG. 6B is the 
Sharing of the Service beam antenna with one of the data 
traffic beam antenna. As depicted within FIG. 6B, an 
outputting apparatus 102 is coupled to the PAPR 97 in order 
to receive a pilot and Signalling Sub-carrier time Sequence 
while the apparatus 102 is further coupled to the first data 
traffic phase adjuster 92a in order to receive phase adjusted 
data traffic sub-carrier time sequences. As shown in FIG. 
6B, the outputting apparatus 102 is yet further coupled to an 
antenna104. Similar to the outputting apparatus of FIG. 6A, 
the outputting apparatus 102 comprises a D/A converter and 
a transmitter. 

0062) The sharing of the antenna 104 is possible because, 
as discussed above, the pilot and Signalling Sub-carriers and 
the data traffic Sub-carrierS operate with different carriers. 
With this implementation, the phase adjusted data carriers 
transmitted from the sector omni-directional antenna 104 
work in unison with the phase adjusted data carrier trans 
missions from the other data traffic Sector omni-directional 
antenna 96b,96c,96d to generate a directional data traffic 
beam. The shared antenna 104 also generates a sector 
omni-directional Service beam due to the pilot and Signalling 
Sub-carriers being transmitted on the omni-directional 
antenna. In this implementation, as well as other implemen 
tations described herein below in which an outputting appa 
ratus receives two input time Sequences, the outputting 
apparatus can readily combine the two time Sequences into 
a single Stream by adding together the time coincident pairs 
of the two time sequences. In this case, the relevant PAPR 
blockS must include the additional Summation in determin 
ing their compensation to limit the peak power. 
0.063) Now turning to the alternative implementation 
depicted within FIG. 6C, the BTS 50 includes an output 
block 110 that comprises a PAPR 91, a switch 112 and a 
plurality of data traffic beam output paths similar to that 
depicted within FIG. 2B while also comprising a PAPR 
block 97 and a service beam output path similar to that 
depicted within FIG. 6A. Each of the data traffic beam 
output paths comprises a respective outputting apparatus 
114a,114b,114c,114d coupled to the Switch 112 and further 
coupled in Series with a respective directional antenna 
116a, 116b,116c,116d. Similar to that described above for 
FIG. 2B, each of the directional antennas 116a, 116b,116c, 
116d have a different principle direction for the strongest 
energy to be transmitted. Hence, to generate the data traffic 
directional beam the Switch 112 Switches the data Sub-carrier 
time Sequences to a different data traffic beam output path So 
that the target mobile terminal is being transmitted to with 
a sufficient link gain. Similar to that described with reference 
to FIG. 6A, the service beam output path comprises an 
outputting apparatus 98 coupled between the PAPR block 97 
and a sector omni-directional antenna 99. AS described 
previously, the outputting apparatus 98 receives a pilot and 
signalling sub-carrier time sequence from the PAPR block 
97 and, after processing this time Sequence, forwards it to 
the antenna 99. The antenna 99 is a sector omni-directional 
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antenna that allows for the transmission of the Service beam 
throughout the coverage area of the BTS 50 with relatively 
even power. As illustrated in FIG. 6C, the outputting 
apparatus 114a,114b,114c,114d98 are identical to those 
described previously with reference to FIGS. 2A, 2B, 6A 
and 6B. 

0064. As discussed with reference to FIG. 2B, an alter 
native implementation with a single data traffic beam out 
putting apparatus is possible by having the Switch 112 
located between the Single data traffic beam outputting 
apparatus and the plurality of directional antennas 116a, 
116b,116c,116d. In this case, as discussed previously, the 
Switch must be Sufficient to handle Signals of relatively high 
power in this implementation. 
0065. Similar to that described above for the first embodi 
ment, the Second embodiment of the present invention 
should not be limited to having four parallel data traffic 
beam output paths with an antenna array of four within the 
output block. In particular, it should be understood that 
additional antennas could be included within the array, each 
additional antenna having yet another parallel data traffic 
beam output path. If the output block implementation of 
FIG. 6A or 6B had greater than four data traffic beam output 
paths with corresponding antennas, an increasingly focussed 
directional beam could be possible. If the output block 
implementation of FIG. 6C had greater than four data traffic 
beam output paths with corresponding antennas, each 
antenna could be designed to focus on a Smaller slice of the 
overall coverage area, hence allowing for greater link gain. 
Similarly, it should be recognized that it is possible to 
implement the present invention with less than four output 
paths with corresponding antennas. 
0066. In another alternative implementation of the sec 
ond embodiment of the present invention, the Sector omni 
directional beam 89 could be replaced with a plurality of 
partial Sector omni-directional beams, each of the partial 
Sector omni-directional beams covering a Subset of the 
overall coverage area. In this case, additional antennas 
would be required to cover the entire the coverage area. One 
advantage of this alternative is the increased power that is 
possible for transmitting the pilot and Signalling channels if 
the Sector omni-directional beam is divided into a plurality 
of more narrowly focussed beams. 
0067 FIG. 7 is a block diagram illustrating a radio 
system using OFDM, according to a third embodiment of the 
present invention, similar to that depicted in FIG. 5 but with 
the BTS 50 having a data traffic directional beam 118 and a 
separate service directional beam 119. Within FIG. 7, the 
data traffic directional beam 118 allows the BTS 50 to 
transmit the data traffic with Sufficient link gain to the target 
mobile terminal 54 similar to that described for FIG. 6A 
while the Service directional beam 119 allows the BTS 50 to 
transmit the pilot and Signalling channels to all of the mobile 
terminals in its coverage area. This alternative is particularly 
advantageous in cases where the link gain of a Sector 
omni-directional beam is not Sufficient for transmission of 
the pilot and/or signalling channels to the mobile terminals. 
The directional service beam can be swept about the cov 
erage area to reach all of the mobile terminals in time. 
Additionally, a plurality of service beams 118 could be used 
to reach a plurality of mobile terminals simultaneously. The 
Service beam may also be directed to a target mobile 
terminal for transmission of specialized signalling messages. 
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0068 FIGS. 8A, 8B and 8C are block diagrams illus 
trating first, Second and third possible implementations of 
the BTS 50 of the third embodiment of the invention. These 
possible implementations of the BTS 50 include an identical 
data information processor 60, Signalling information pro 
cessor 62, pilot processor 64 and IFFT block 66 as described 
above for FIGS. 2A, 2B, 6A, 6B and 6C. Similar to the BTS 
of the previous figures, the blocks 60,62,64,66 of FIGS. 
8A,8B,8C could be implemented with alternative versions as 
discussed above. 

0069. The difference between the BTS designs of FIGS. 
2A2B,6A,6B,6C,8A,8B and 8C are the different implemen 
tations of their respective output blocks. FIGS. 8A, 8B and 
8C illustrate three possible implementations of output 
blocks that allow for the generation of the transmission 
beams 118,119 of FIG. 7 according to the third embodiment 
of the present invention. The below description of these 
three implementations should not limit the Scope of the 
present invention for it should be understood that these 
Sample implementations are not meant to be an inclusive Set 
of all possible implementations. 

0070 For the implementation illustrated within FIG. 8A, 
the BTS 50 includes an output block 120 that comprises a 
data traffic beam PAPR 91 and a service beam PAPR block 
121 as described previously as well as a plurality of parallel 
output paths that are shared between the data traffic direc 
tional beam transmission and the rotating Service directional 
beam transmission. As depicted within FIG. 8A, each of the 
output paths comprise a respective outputting apparatus 
124a,124b,124c,124d; a respective data traffic beam phase 
adjuster 92a,92b,92c,92d coupled between the data traffic 
beam PAPR block 91 and the respective outputting appara 
tus 124a,124b,124c,124d; a respective service beam phase 
adjuster 122a,122b,122c, 122d coupled between the service 
beam PAPR block 121 and the respective outputting appa 
ratus 124a,124b,124c,124d; and a respective sector omni 
directional antenna 126a, 12.6b,126c.126d. These sector 
omni-directional antennas are directed to form the beams by 
means of the phase adjusters that are controlled by respec 
tive beam direction control blocks (not shown) similar to the 
block 78 described previously with reference to FIG. 2A. 

0071. In this implementation, the data traffic beam phase 
adjusters 92a,92b,92c,92d each receive a data traffic Sub 
carrier time sequence from the PAPR block 91 and adjust the 
phase of the Sub-carrier time Sequence in order to dictate the 
particular direction the array of antennas transmits the data 
channels with the greatest link gain. Hence, to generate the 
data traffic beam 118 as described above for the third 
embodiment of the present invention, the phase adjusters 
92a,92b,92c,92d are adjusted Such that the transmission 
energy is directed to the target mobile terminal. On the other 
hand, the Service beam phase adjusterS 122a,122b,122c, 
122d each receive a Service Sub-carrier time Sequence from 
the PAPR block 121 and adjust the phase of the service beam 
Sub-carrier time Sequence to dictate the particular direction 
the array of antennas transmits the pilot and Signalling 
channels with the greatest link gain. Hence, to generate the 
Service directional beam 119 as described above for the third 
embodiment of the present invention, the Service beam 
phase adjusterS 122a,122b,122c, 122d are adjusted System 
atically Such that the transmission energy is directed to all 
areas within the coverage area for the proper time period. 
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0072 Similar to that described above for other output 
blocks, the outputting apparatus 124a,124b,124c,124d of 
FIG. 8A each comprise a D/A converter and a transmitter 
coupled to their respective antennas 126a, 126b,126c.126d. 
The implementation and operation of the components within 
the outputting apparatus would be well-known by one 
skilled in the art. 

0073 For the implementation illustrated in FIG. 8B, the 
BTS 50 includes an output block 130 which is virtually 
identical to that described above with reference to FIG. 8A, 
but with Separate output paths for the data traffic and Service 
beams. As depicted within FIG. 8B, the output block 130 
comprises the PAPR blocks 91,121 and four parallel data 
traffic beam output paths identical to those illustrated in 
FIG. 6A along with four parallel service beam output paths. 
Each of the data traffic beam output paths comprises a 
respective data traffic beam phase adjuster 92a,92b,92c,92d 
coupled to the data traffic beam PAPR block 91 and further 
coupled in Series with a respective outputting apparatus 
94a,94b,94c.94d and a respective sector omni-directional 
antenna 96a,96b,96c.96d. On the other hand, each of the 
Service beam output paths comprises a respective Service 
beam phase adjuster 122a,122b,122c, 122d coupled to the 
service beam PAPR block 121 and further coupled in series 
with a respective outputting apparatus 134a,134b,134c.134d 
and a respective Sector omni-directional antenna 136a, 136b, 
136c.136d. In this implementation, the data traffic beam 
phase adjusters 92a,92b,92c,92d each receive a data traffic 
Sub-carrier time Sequence from the data traffic beam PAPR 
block 91 and adjust the phase of the Sub-carrier time 
Sequence in order to dictate the particular direction the array 
of antennas transmits the data channels with the greatest 
link gain. On the other hand, the phase by which each of the 
Service beam phase adjusterS 122a,122b,122c, 122d adjusts 
the Service beam Sub-carrier time Sequence dictates the 
particular direction the array of antennas transmits the pilot 
and Signalling channels with the greatest link gain. The eight 
parallel output paths within FIG. 8B operate together to 
generate the data traffic and service beams 118,119 similar to 
those generated by the output block 120 of FIG. 8A. 
0074. Now turning to the alternative implementation 
depicted within FIG. 8C, the BTS 50 includes an output 
block 140 that comprises the data traffic beam PAPR block 
91 coupled to the IFFT block 66; a data traffic beam Switch 
141 coupled to the data traffic beam PAPR block 91; a 
service beam PAPR block 121 coupled to the IFFT block 66; 
a service beam Switch 142 coupled to the service beam 
PAPR block 121; and a plurality of output paths similar to 
that depicted within FIG. 2B coupled to both of the Switches 
141,142. Each of the output paths comprises a respective 
outputting apparatus 144a,144b,144c.144d independently 
coupled to each of the Switches 141,142 and further coupled 
in series with a respective directional antenna 146a, 146b, 
146c.146d. Similar to that described above for FIG. 2B, 
each of the directional antennas 146a, 146b,146c.146d have 
a different principle direction for the Strongest energy to be 
transmitted. Hence, to generate the data traffic directional 
beam 118 the Switch 141 Switches the data Sub-carrier time 
Sequences to a different output path So that the target mobile 
terminal is being transmitted to with Sufficient link gain. To 
generate the rotating Service directional beam 119, as 
described above for the third embodiment of the present 
invention, the Switch 142 systematically switches the pilot 
and Signalling Sub-carrier time Sequences to different out 
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putting paths. Such that each mobile terminal within the 
coverage area is being transmitted to during the proper time 
period. As illustrated in FIG. 8C, the outputting apparatus 
144a,144b,144c.144d are identical to those described pre 
viously. 

0075) The above description with reference to FIG. 8C is 
applicable to a case that can utilize low power Switches. A 
Similar alternative to that described previously can apply to 
this embodiment with the Switches 141,142 located between 
a single outputting apparatus and the plurality of antennas. 
In this case, the Switches would need to be extremely high 
power which might make this alternative impractical with 
current technology. 

0076 Similar to that described above for the first and 
second embodiments, the third embodiment of the present 
invention should not be limited to having four parallel data 
traffic and Service beam output paths with an antenna array 
of four within the output block. It should be understood, 
Similar to the embodiments described above, more or leSS 
than four output paths could be used in implementations 
according to the third embodiment of the present invention. 
Further, although not illustrated in the attached figures other 
alternatives could be made to the implementations illustrated 
in FIGS. 8A,8B and 8C. For instance, the embodiment of 
FIG. 8C could be implemented with separate output paths 
for the data traffic and service beams. This would be a 
similar alternative to the implementation of FIG. 8B com 
pared to the implementation of FIG. 8A. 
0.077 Although depicted as beams of similar focus on 
FIG. 7, it should be recognized that the rotating service 
directional beam could be broader than the data directional 
beam. For radio Systems in which the receiver must estimate 
the channel propagation conditions, it is most advantageous 
for the two beams to be of the same pattern so that the pilot 
Signals received from the Service beam transmission closely 
match those of the data traffic beam. 

0078. To enable a sufficient link budget, the rotating 
Service directional beam may have a different modulation or 
Symbol rate compared to the data directional beam in order 
to compensate for a broader beam. In one particular imple 
mentation, the hierarchical modulation technique used in the 
DVB-T standard as described herein above is used for the 
rotating Service directional beam. In this case, the data 
directional beam is operated in the full modulation constel 
lation while the rotating Service directional beam operates in 
the Smaller modulation constellation. One advantage of this 
technique is that the same receiver can be used to receive 
both portions of the OFDM signals. 
007.9 FIG. 9 is a block diagram illustrating a radio 
system using OFDM in which two adjacent sectors each 
have a rotating directional beam. AS depicted, first and 
second cells 150,160 comprise respective BTS 152,154 
which transmit OFDM signals within sector N 154 and 
sector M 164 respectively. Within these sectors 154,164, the 
BTS 152,162 transmit respective rotating directional beams 
156,166. This could occur in any one of the implementations 
of the embodiments of the invention in which a rotating 
directional beam is utilized. In this case, one area of concern 
is the possibility that both rotating directional beams could 
overlap at a particular mobile terminal, mobile terminal 158 
within FIG. 9 for example. If the sub-carriers within the 
rotating directional beams 156,166 are utilizing common 
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carriers this could cause significant interference at the 
mobile terminal. To avoid this problem, the rotating direc 
tional beams 156,166 can be timed such that they are not 
both focussed on the same mobile terminal at the Same time. 
AS well, to avoid possible interference, techniques Such as 
coding or other interference cancellation techniques could 
be utilized to enable the receiver to differentiate the trans 
missions (data, pilot, signalling) from the two or more 
beams. This allows for acceptable frequency re-use while 
not increasing frequency interference between cells signifi 
cantly. 

0080 FIG. 10 is a block diagram of a mobile terminal 
that could be utilized within the OFDM systems illustrated 
in any one of FIGS. 1, 5 and 7. As depicted, the mobile 
terminal comprises an antenna 170 coupled in Series with a 
receiver 172, a frequency offset correction block 174, a pilot 
sub-carrier acquisition block 176, a Fast Fourier Transform 
(FFT) block 178 and a demulitplexer 180. In this imple 
mentation, the demultiplexer 180 is further independently 
coupled to a data information processor 182 and a Service 
information processor 184. These components function 
together to receive and process the data, Signalling and pilot 
channels sent from the BTS 50. In FIG. 10, the antenna 170, 
the receiver 172, the frequency offset correction block 174 
and the pilot sub-carrier acquisition block 176 are utilized to 
initially receive and synchronize the signals sent for the BTS 
50. Next, the FFT block 178 operates to transform the 
time-based data, Signalling and pilot Signals received from 
the pilot Sub-carrier acquisition block 176 into frequency 
based outputSymbol Streams. These frequency-based output 
Symbol Streams include a data Sub-carrier Symbol Stream, a 
Signalling Sub-carrier Symbol Stream and a pilot Sub-carrier 
symbol stream which are each forwarded to the demulti 
plexer 180. The demultiplexer 180 separates the symbol 
Streams Such that the data Sub-carrier Symbol Stream is 
forwarded to the data information processor 182 while the 
Signalling and pilot Sub-carrier Symbol Streams are for 
warded to the service information processor 184. 
0081. The data information processor 182 performs 
numerous well-known processing functions on the received 
data Sub-carrier Symbol Stream in order to output data 
information contained within the input signals. These well 
known processing functions include Symbol demodulation, 
data de-interleaving, rate matching and FEC decoding. 
Although all of these functions are shown in a particular 
order in FIG. 10, this should not limit the scope of the 
present invention. One skilled in the art would understand 
that these functions could be performed in a different order 
with a similar resulting output. Further, in alternative 
embodiments, not all of the functions illustrated, Such as 
FEC decoding, are performed by the processor 182 and/or 
additional functions not described are also performed. It is 
noted that the data information being output from the data 
information processor 182 could be in a number of different 
formats such as an Internet Protocol (IP) packet format, 
MPEG coded images, video or another standard data unit 
format. 

0082 The service information processor 184 performs 
well-known processing functions Similar to the data infor 
mation processor 182. These well-known processing func 
tions in FIG. 10 include symbol demodulation, signalling 
de-interleaving, rate matching and FEC decoding. It should 
be understood, similar to that described above for the data 
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information processor 182, that the service information 
processor 184 could perform the functions in a different 
order than illustrated in FIG. 10, might not perform all of 
these functions and/or could perform additional functions 
not described. Yet further, it should be understood that the 
Service information processor could be divided into at least 
two processors, one for processing the Signalling Sub-carrier 
Symbol Stream and one for processing the pilot Sub-carrier 
Symbol Stream. If two or more pilot Signals using the same 
frequency carriers are received at the target mobile terminal, 
techniques Such as matched filtering or correlation may be 
used to Select the desired Signal. 
0.083 Although illustrated and described as two separate 
and distinct processors 182,184, it should be understood that 
the common algorithms performed within these processors 
could be shared. Further, these processors 182,184 could be 
implemented within a Single component or within a plurality 
of Separate components. 
0084. There is a modification from traditional mobile 
terminals that would be implemented within preferable 
implementations of the mobile terminals of the present 
invention. In preferable implementations of the mobile 
terminals of the present invention, a monitor device (not 
shown), coupled to the outputs of the data information 
processor 182 and the service information processor 184, 
determines what information is being received at the mobile 
terminal at any particular time. This monitor determines if 
only Service information is being received, thus indicating 
that the particular mobile terminal is outside the data traffic 
beam but within the service beam; if only data traffic 
information is being received, thus indicating that the par 
ticular mobile terminal is inside the data traffic beam but 
outside the service beam; and if both data traffic information 
and Service information is being received, thus indicating 
that the particular mobile terminal is inside both the data 
traffic and Service beams. The monitor, after determining 
what information is being received at the mobile terminal, in 
this particular implementation, then directs the processing of 
the received data traffic and Service information as required. 
0085. It should be noted that although the mobile termi 
nal is illustrated in a single receiver structure within FIG. 
10, it should be recognized that it could be possible to 
implement the terminal with Separate receiver Structures for 
the data traffic beam and the Service beam. This technique 
would have the additional disadvantages of Significantly 
additional costs due to additional components. 
0.086 One modification that is required within some 
embodiments of the present invention is the introduction of 
pilot carriers within a data traffic beam as described previ 
ously. If precise channel estimations are required for the data 
channels, a separate data beam pilot Signal is required since 
the transmission of the Standard pilot signals via the Service 
beam may not be accurate for the data traffic beam. In one 
particularly preferable embodiment of the present invention, 
the pilot Signals within the Standard pilot channels of the 
Service beam are utilized by the target mobile terminal to 
generate a broad estimation and Synchronization while the 
data traffic pilots within the data traffic beam are utilized by 
the target mobile terminal to focus in on the Synchronization 
of the data traffic channels and to estimate the radio propa 
gation conditions. 
0.087 Although not specifically described above it should 
be noted that the present invention can apply in cases of 
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mobile terminals within an OFDM cell as well as fixed 
wireless terminals within an OFDM cell. In the case of a 
fixed acceSS System in which the Subscriber terminals are in 
a relatively fixed locations, Such as inside a residence, the 
beam direction can be fixed for each Subscriber. In this case, 
the directional beam can be Steered towards each Subscriber 
with use of a table of Steering values applicable for each 
Subscriber. 

0088. Further, although not discussed above, it should be 
understood that the present invention could be combined 
with interference cancellation techniques in order to Sup 
preSS interference between cells on the Service beam. That is 
the mobile terminal, knowing the transmission characteris 
tics of all of the pilots in the area may cancel out those that 
are interfering with the primary signal. It is also possible to 
Synchronize the Service beam (i.e. the timing of their use 
within the sectors) to minimize the interference between 
cells to enable efficient frequency reuse. 
0089. Yet further, although the embodiments of the 
present invention were Specifically described above for a 
system in which the BTS transmits a data traffic beam and 
a Service beam to the mobile terminals, it should be recog 
nized that there could be alternative divisions of the trans 
mission beams. For instance, either one of the Service and 
data traffic beams could be Subdivided into additional 
beams. For example, the data traffic beam could be divided 
between audio traffic and traditional data traffic or could be 
divided between audio and Video traffic. AS discussed pre 
viously, one possible division of the Service beam is to 
divide the pilot channels and the Signalling channels into 
Separate beams. Additionally, the Signalling channels could 
be further Subdivided. 

0090 Although the present invention has been described 
herein above specifically for OFDM systems, it should be 
recognized that direct radio energy (beam) Systems that 
might be developed in the future that have similar charac 
teristics might also benefit from the implementation of the 
present invention. 
0091 Persons skilled in the art will appreciate that there 
are yet more alternative implementations and modifications 
possible for implementing the present invention, and that the 
above implementations are only illustrations of certain 
embodiments of the invention. The scope of the invention, 
therefore, is only to be limited by the claims appended 
hereto. 

We claim: 
1. A Base Transceiver Station (BTS) arranged to commu 

nicate with a plurality of mobile terminals within a coverage 
area, the BTS comprising: 
means for receiving Service and data traffic information; 
means for transmitting the Service information on a first 

set of carriers to the mobile terminals within the 
coverage area; and 

means for transmitting the data traffic information with 
high link gain on a Second Set of carriers to the target 
mobile terminal. 

2. A method of transmitting Service and data traffic 
information to a plurality of mobile terminals within a 
coverage area, at least one of the mobile terminals being a 
target mobile terminal, the method comprising: 
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receiving Service and data traffic information; 
transmitting the Service information on a first Set of 

carriers to the mobile terminals within the coverage 
area using a first transmission beam; and 

transmitting the data traffic information on a Second Set of 
carriers to the target mobile terminal using a Second 
transmission beam. 

3. A method of transmitting Service and data traffic 
information to a plurality of mobile terminals within a 
coverage area, at least one of the mobile terminals being a 
target mobile terminal, the method comprising: 

receiving Service and data traffic information; 
transmitting the Service information on a first Set of 

carriers to the mobile terminals within the coverage 
area with a directional transmission beam; 

transmitting the data traffic information on a Second Set of 
carriers to the target mobile terminal with the direc 
tional transmission beam; and 

modifying the direction of focus of the directional trans 
mission beam in order for each of the mobile terminals 
within the coverage area to receive the processed 
Service information. 
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4. A mobile terminal arranged to communicate with a 
Base Transceiver Station (BTS), the mobile terminal com 
prising: 

a radio reception apparatus that operates to receive and 
process Service information on a first Set of carriers 
from at least one first transmission beam and to receive 
and process data traffic information on a Second Set of 
carriers from at least one Second transmission beam; 
and 

a monitor apparatus, coupled to the radio reception appa 
ratus, that operates to determine if one or more of 
Service information and data traffic information has 
been received at the radio reception apparatus, if only 
Service information has been received, to instruct the 
BTS to attend to the received service information; if 
only data traffic information has been received, to 
instruct the BTS to attend to the received data traffic 
information; and if Service and data traffic information 
has been received, to instruct the BTS to attend to both 
the received Service and data traffic information. 


