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(7) ABSTRACT

Disclosed is a system and method for optimizing capacity in
a multi-user time division duplex (“TDD”) communication
system such as a broadband wireless radio frequency com-
munication system. More specifically the invention mini-
mizes guard time in duplexed signals to thereby allow for
higher data throughput which results in an increase in
system communication capacity. Depending upon instanta-
neous traffic load associated with the subscribers using a
particular TDD carrier, guard times may be adjusted to
provide a desired level of throughput. As traffic loads
demand, the order of assignment of burst periods in either or
both the transmit and receive frames of a TDD carrier with
respect to the subscriber systems operable thereon are
adjusted to accommodate desired guard times.
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SYSTEM AND METHOD FOR MINIMIZING
GUARD TIME IN A TIME DIVISION DUPLEX
COMMUNICATION SYSTEM

RELATED APPLICATIONS

[0001] The present application is a continuation-in-part
application of co-pending, commonly assigned, U.S. patent
application Ser. No. 09/434,832, entitled “System and
Method for Broadband Millimeter Wave Data Communica-
tion” filed Nov. 5, 1999, which itself is a divisional of
co-pending, commonly assigned, U.S. patent application
Ser. No. 08/740,332, entitled “System and Method for
Broadband Millimeter Wave Data Communication” filed
Nov. 7, 1996, now U.S. Pat. No. 6,016,313, currently
undergoing concurrent re-examination as re-examination
application Ser. Nos. 90/005,726 and 90/005,974 the disclo-
sures of which are hereby incorporated herein by reference.

[0002] The present application is also related to co-pend-
ing, commonly assigned, U.S. patent application Ser. No.
09/327,787, entitled “Multi-Level Information Mapping
System and Method” filed Jun. 7, 1999, and to commonly
assigned U.S. patent application Ser. No. 09/604,437,
entitled “System and Method for Maximizing Efficiency in
a Time Division Duplex System Employing Dynamic
Asymmetry,” the disclosures of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0003] This invention relates to broadband radio fre-
quency communication systems and methods and more
particularly to a system and method for optimizing capacity
in multi-user time division duplex communication systems
through minimizing guard times utilized in the duplexed
signals.

[0004] In the past, information communication between
processor-based systems, such as local area networks (LAN)
and other general purpose computers, separated by signifi-
cant physical distances has been an obstacle to integration of
such systems. The choices available to bridge the physical
gap between such systems have not only been limited, but
have required undesirable tradeoffs in cost, performance,
and reliability.

[0005] One group of historically available communication
choices includes such solutions as the utilization of a stan-
dard public switch telephone network (PSTN) or multiplex-
ing signals over an existing physical link to bridge the gap
and provide information communication between the sys-
tems. Although such solutions are typically inexpensive to
implement, they include numerous undesirable traits. Spe-
cifically, since these existing links are typically not designed
for high speed data communication, they lack the bandwidth
through which to communicate large amounts of data rap-
idly. As in-building LAN speeds increase to 100 Mbps, the
local PSTN voice grade circuits even more markedly rep-
resent a choke point for broadband metropolitan area access
and therefore are becoming a less and less desirable alter-
native. Furthermore, such connections lack the fault toler-
ance or reliability found in systems designed for reliable
transmission of important processor-based system informa-
tion.

[0006] Another historically available group of communi-
cation choices is found at the opposite end of the price
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spectrum than those mentioned above. This group includes
such solutions as the utilization of a fibre optic ring or point
to point microwave communication. These solutions are
typically cost prohibitive for all but the larger users. The
point to point systems require a dedicated system at each end
of the communication link which lacks the ability to spread
the cost of such systems over a plurality of users. Even if
these systems were modifiable to be point-to-multipoint, to
realize the economy of multiple system use of some system
elements, the present point-to-point microwave systems
would not provide broadband data services but rather tradi-
tional bearer services such as T1 and DS3. Furthermore,
these systems typically provide a proprietary interface and
therefore do not lend themselves to simple interfacing with
a variety of general purpose processor-based systems.

[0007] Although a fibre optic ring provides economy if
utilized by a plurality of systems, it must be physically
coupled to such systems. As the cost of purchasing, placing,
and maintaining such a ring is great, even the economy of
multi-system utilization generally does not overcome the
prohibitive cost of implementation.

[0008] A need therefore exists in the art of information
communication for a communication system providing cost
effective bridging of large physical distances between pro-
cessor-based systems.

[0009] A further need exists in the art for a communication
system providing high speed broadband information com-
munication between processor-based systems.

[0010] A still further need exists in the art for a commu-
nication system and method of operation which efficiently
utilizes the available spectrum in order to provide optimized
information throughput.

[0011] A still further need exists in the art for a fault
tolerant communication system providing reliable bridging
of physical gaps between processor-based systems.

[0012] Additionally, a need exists in the art for a broad-
band communication system providing simple connectivity
to a variety of processor-based systems and communication
protocols, including general purpose computer systems and
their standard communication protocols.

[0013] These and other objects, needs and desires are
achieved by a system and method of communication in
which a communication array (referred to herein as a hub),
is centrally located to provide communication links to a
plurality of physically separated subscriber processor-based
systems, or other sources of communication such as voice
communication, using a communication device (referred to
herein as a node, which together with the subscriber pro-
cessor-based system is referred to herein as a remote system
or subscriber system) of the present invention to efficiently
utilize available communication spectrum. Preferably, this
central array may be physically coupled to an information
communication backbone providing communication
between air linked systems and physically linked systems.
Furthermore, multiple ones of such system may be utilized
to bridge large physical separation of systems by the inter-
communication of multiple central arrays. Moreover, per-
vasive surface coverage may be provided by arranging a
plurality of such communication arrays to provide a cellular
like overlay pattern.
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[0014] In a preferred embodiment, the communication
spectrum utilized by the communication system is frequency
division multiplexed (FDM) to provide multiple channels or
carriers for simultaneous information communication to a
plurality of subscribers. Moreover, a preferred embodiment
subscriber system is adapted to be dynamically controllable
to select between ones of the FDM carriers utilized by the
communication system.

[0015] Preferably a carrier frequency in the millimeter
wavelength spectrum, such as 10 to 60 GHz, is used by the
present invention. Such carrier frequencies are desirable in
order to provide a communication bandwidth sufficient for
the transmission of at least 30 Mbps through each defined
FDM channel of approximately 10 MHz. However, it shall
be appreciated that the concepts of the present invention are
applicable to portions of the spectrum other than millimeter
wavelengths. For example, the present invention is particu-
larly well suited for use in lower frequency bands, such as
those in the 300 MHz to 3 GHz range, where radiation of
signals are not as confined to line-of-sight as those of the
millimeter wavelength spectrum.

[0016] Time division multiplexing (TDM) is preferably
utilized to provide multiple, seemingly simultaneous, com-
munications on a single carrier channel. Here ones of the
FDM channels are broken down into a predetermined num-
ber of discrete time slices (burst periods) which form a
frame. Each burst period may be utilized by a different
subscriber so as to result in information communication
contained in a single frame, having a number of TDM bursts,
being directed to/from a number of subscribers over a single
FDM channel.

[0017] Moreover, full duplexing may be synthesized on a
single carrier channel by time division duplexing (TDD)
through the use of burst periods like those used in TDM.
Through TDD, Tx and Rx frames, each frame having one or
more burst periods, are defined to provide communication in
a particular direction at a predefined time. According to a
most preferred embodiment, TDD of the present invention is
adaptive (ATDD) to provide for dynamic sizing of the Tx
and Rx frames. For example, allocation of burst periods to
either a Tx frame or Rx frame may be based on the
instantaneous traffic demands of the subscriber systems.

[0018] Preferably timing adjustment techniques are
employed with respect to burst periods of a multi-user TDD
frame. For example, where one subscriber system using data
of a TDD frame is disposed more near a hub site and another
subscriber system using data of the TDD frame is disposed
more remote from the hub site, a preferred embodiment of
the present invention utilizes timing advance techniques
with respect to burst periods of the hub Rx frames in order
to properly time align reverse link transmission at the hub
site.

[0019] However, the use of timing adjustment techniques,
such as the above mentioned timing advance, creates a
potential for burst period overlap in multi-user systems. For
example, a subscriber system operating in the first burst
period of the Rx frame of a TDD frame may be advanced to
the point that it begins transmission during the last burst
period of the Tx frame of the TDD frame.

[0020] The above described problem with burst period
overlap may be addressed by providing a sufficiently long
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guard time between the Tx and Rx frames of a TDD frame.
However, such a solution if not carefully implemented
leaves the available spectrum idle for periods of time in
which communications may take place, thus decreasing the
throughput theoretically possible with the available spec-
trum. Accordingly, the preferred embodiment of the present
invention includes timing adjustment techniques adapted to
efficiently utilize the available spectrum in order to provide
optimized information throughput.

[0021] The preferred embodiment of the present invention
enables the guard time between the forward and reverse
links of a TDD carrier to be adjusted for optimization of
communications. Accordingly, depending upon instanta-
neous traffic load associated with the subscribers utilizing a
particular TDD carrier, guard times may be adjusted to
provide a desired level of throughput. According to a most
preferred embodiment, as traffic loads demand, the order of
assignment of burst periods in either or both of the Tx and
Rx frames of a TDD carrier with respect to the subscriber
systems operable thereon are adjusted to accommodate
desired guard times. For example, the order of subscriber
systems on the reverse and/or forward links may be arranged
to correspond to their distance from the hub in order to allow
guard times to be reduced to a minimum. Preferably, deter-
mination of the guard time required for any such instanta-
neous traffic demands is based upon the smallest propaga-
tion delay associated with a subscriber system of the
multiple users of the TDD carrier, i.e., the subscriber system
disposed closest to the hub.

[0022] In the preferred embodiment, the communication
system may utilize an algorithm, perhaps at initialization
and/or continuously or periodically during use, to poll
subscriber’s systems or otherwise monitor communication
attributes with respect to operation of hubs and nodes, and
preferably various elements thereof, of the communication
system. This communication attribute information may be
utilized to determine the optimum assignment of resources,
including antenna elements, TDM burst periods, FDM fre-
quency assignments, and/or TDD Tx and Rx time assign-
ments for each such system. For example, propagation delay
information with respect to the nodes operating with a hub
derived by the above algorithm during an initialization or
acquisition process may be used to determine timing
advance information and/or the distance from the hub site
and the subscriber systems for use in TDD Tx and/or Rx
time assignments.

[0023] A technical advantage of the present invention is
provided by the optimization of communications based on
the communication attributes of the system.

[0024] A further technical advantage of the present inven-
tion is provided by the determination of a minimum guard
time between the forward and reverse links of a TDD carrier
to optimize use of the available spectrum.

[0025] A still further technical advantage of the present
invention is that variable guard times in a TDD carrier are
supported to allow optimization based on the deployment of
subscriber systems and/or the traffic loading of the system.

[0026] The foregoing has outlined rather broadly the fea-
tures and technical advantages of the present invention in
order that the detailed description of the invention that
follows may be better understood. Additional features and
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advantages of the invention will be described hereinafter,
which form the subject of the claims of the invention. It
should be appreciated by those skilled in the art that the
conception and the specific embodiment disclosed may be
readily utilized as a basis for modifying or designing other
structures for carrying out the same purposes of the present
invention. It should also be realized by those skilled in the
art that such equivalent constructions do not depart from the
spirit and scope of the invention as set forth in the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] For a more complete understanding of the present
invention, and the advantages thereof, reference is now
made to the following descriptions taken in conjunction with
the accompanying drawings, in which:

[0028] FIG. 1 illustrates a communication network in
which the present invention may be utilized;

[0029] FIG. 2 illustrates an alternative embodiment com-
munication network in which the present invention may be
utilized;

[0030] FIGS. 3A-3C illustrates a time division duplex
frames of the present invention;

[0031] FIG. 4 illustrates the disposition of nodes at dif-
ferent distances from a centralized hub;

[0032] FIG. 5 illustrates timing issues of advanced time
slot transmissions associated with the nodes disposed at
different distances from the centralized hub;

[0033] FIG. 6 illustrates a flow diagram of a preferred
embodiment traffic scheduler of the present invention; and

[0034] FIG. 7 illustrates a flow diagram of the assigning
of resources according to a preferred embodiment of the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0035] The present invention provides high speed data
communication via an air interface allowing data access to
and from subscriber’s remotely located systems. Referring
to FIG. 1, it can be seen that such wireless communication
may be utilized, for example, to provide high speed bridging
of a physical gap between a plurality of processor-based
systems, as illustrated by system 100. The processor-based
systems may include local area networks (LAN), such as
LANSs 110 and 120, or individual computer systems, such as
PC 130. It shall be appreciated that the processor-based
systems utilizing the present invention may be general
purpose computers, both standing alone and interconnected
such as by a LAN. Furthermore, the system can connect
other communication systems such as voice or video in
combination with, or in place of, communication sourced by
the above mentioned processor-based systems.

[0036] Systems bridged by the present invention may
utilize a communication device, hereinafter referred to as a
“node,” for communicating with a centralized communica-
tion device also of the present invention, hereinafter referred
to as a “hub.” Still referring to FIG. 1, a hub is illustrated
as element 101 and several nodes are illustrated as elements
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150, 151, and 152 connected to LANs 110 and 120 as well
as to PC 130, the combinations of which provide remote or
subscriber systems.

[0037] Also, as illustrated in FIG. 1, such wireless com-
munication may be utilized to provide high speed commu-
nication between a processor-based system, having a node
coupled thereto, and communication backbone, such as
backbone 160, through hub 101. It shall be understood that
backbone 160 may be any form of communication means,
such as a broadband fibre-optic gateway or other broadband
data grade connection, T1 communications lines, a cable
communication system, the Internet, or the like, physically
connected to hub 101. Moreover, backbones, such as illus-
trated by backbone 160, may be utilized to interconnect a
plurality of hubs into a communications network.

[0038] Larger geographical distances between two com-
municating processor-based systems may be bridged by
utilization of multiple hubs. A communication network
comprising a plurality of hubs is illustrated in FIG. 2. As
illustrated in FIG. 2, hubs 101 and 230 are in communica-
tion through an air link via antenna elements. These two
hubs may provide information communication between any
combination of processor-based systems in communication
with either hub.

[0039] Through such a network, a node, such as node 150,
in direct communication with one hub, such as hub 101, may
communicate with a node, such as node 221, in direct
communication with another hub, such as hub 220. Such
communication may be accomplished through the two hubs
interconnection via a backbone, such as backbone 160. Of
course, it shall be understood that intercommunication
between hubs may be accomplished through information
“back-hauling” via air gap communication between two
hubs such as is illustrated with hubs 101 and 230. It shall be
appreciated that a communications network may include any
number of hubs in communication with other hubs, through
such means as air gap or direct backbone interconnection, or
the like. Information communicated from a node in direct
communication with one hub may be routed through various
such interconnections to a node in direct communication
with any hub of the communication network.

[0040] Preferably the hubs utilized according to the
present invention provide communication services to a plu-
rality of subscriber systems, such as does hub 101 of FIGS.
1 and 2. Accordingly, carrier channels utilized in commu-
nications between the hub and subscriber systems are pref-
erably divided into predefined TDMA time slots or burst
periods. These TDMA time slots may be utilized to com-
municate user information and/or control information. For
example, a TDMA time slot may be broken down into
control channel information and user information, such as
may be a user information data packet formatted for a
particular predefined protocol. There are innumerable meth-
ods by which to utilize the above disclosed frequency
spectrum for communication. It shall be understood that any
such method may be utilized according to the present
invention.

[0041] Using the TDMA time slots of the preferred
embodiment, a single carrier channel may be utilized to
communicate with multiple ones of the subscriber systems
operable with a particular hub. For example, a single carrier
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channel having three burst periods associated therewith may
be utilized by hub 101 to provide communications to each of
nodes 150-152.

[0042] Time division duplexing (TDD) is the preferred
means by which a full duplex link between the hub and a
node or subscriber is enabled. Accordingly, a carrier channel
is divided into a forward link portion, or Tx frame, and a
reverse link portion, Rx frame. Each Tx and Rx frame of a
TDD carrier channel is preferably divided into discrete burst
periods to provide for TDMA utilization of each channel.

[0043] A preferred embodiment carrier channel providing
TDD communication with TDMA burst periods is shown in
FIGS. 3A through 3C. Shown in FIGS. 3A and 3B are a
TDD frame consisting of a forward link or transmit frame
and a reverse link or receive frame having guard times GT1
and GT2, respectively, to provide separation from a next
frame or frame portion. Each of the forward link frames and
reverse link frames of the TDD frame may be further divided
into time division multiple access (TDMA) burst periods.
These TDMA bursts are shown with respect to the transmit
frame as time slots TS_Fc, TS_F0, TS_F1 and TS_Fm in
FIG. 3A, where time slot TS_Fc is preferably associated
with a control channel and time slots TS_F0 through TS_Fm
are preferably associated with subscriber payload data.
Similarly, TDMA bursts are shown with respect to the
receive frame as time slots TS_Rc, TS_R0, TS_R1, and
TS_Rn, where time slot TS_Rc is preferably associated with
a control channel and time slots TS_RO through TS_Rn are
preferably associated with subscriber payload data.

[0044] Shown in FIG. 3C are TDD Tx frame 351 and Rx
frame 352, such as may correspond to the forward link or
transmit frame and reverse link or receive frames of FIGS.
3A and 3B discussed above. Each Tx and Rx frame of FIG.
3C is divided into burst periods, such as burst periods
361-364 of Tx frame 351, associated with time index
T_-Try respectively, and burst periods 371-374 of Rx frame
352, associated with time index Rp;-Rpy respectively. It
should be appreciated that the frame lengths of the Tx and
Rx frame may be adjusted according to the present invention
to provide asymmetry in the duplex communications or
adaptive time division duplexing (ATDD).

[0045] Tt shall be understood that the burst periods of each
Tx and Rx frame may be utilized by a single antenna
element to provide carrier channel TDMA to one node or
multiple nodes located within the antenna element’s radia-
tion pattern. For example, burst periods 1 and 2 may be used
by an antenna element to provide communication to a first
node while burst periods 3 through 7 are used by the same
antenna element to provide communication to a second
node. Likewise, a single Tx or Rx frame may be utilized by
different antenna elements. For example, burst periods 1
through 4 may be used by a first antenna element to provide
communication to a first node while burst periods 5 through
8 are used by a second antenna element to provide commu-
nication to a second node.

[0046] 1t shall be appreciated that combinations of the
above mentioned TDMA use of the burst periods by a single
antenna element and division of Tx and Rx frames between
different antenna elements may be utilized by the present
invention. For example, burst periods 1 and 2 may be used
by an antenna element to provide TDMA communication to
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a first node and second node while burst periods 3 and 4 are
used by a second antenna element to provide communication
to a third node.

[0047] Also shown in FIG. 3C is guard time 353, asso-
ciated with time index Gr,, disposed in the carrier channel
between Tx frame 351 and Rx frame 352. This guard time
is a channel idle time to allow for different propagation
delays associated with various ones of the subscriber sys-
tems in communication with the hub. It shall be appreciated
that in addition to or in the alternative to guard time 353, a
guard time (such as shown in FIGS. 3A and 3B) may be
utilized in the transition from a Rx frame to a Tx frame, such
as between Rx frame 352 and a Tx frame following there-
after.

[0048] As RF spectrum is often expensive and usually
limited in availability, the present invention is preferably
adapted to efficiently utilize spectrum allocated for use
therewith. Accordingly, the preferred embodiment of the
present invention employs techniques to reduce and/or
eliminate times at which the RF spectrum of a carrier
channel is not utilized for the communication of informa-
tion.

[0049] For example, in a multi-user system, ones of the
subscriber systems may be disposed in positions having
different distances from the hub they are in communication
with. Directing attention to FIG. 4, nodes 150 and 151 are
shown in a deployment wherein node 150 is disposed
distance d; from hub 101 and node 151 is disposed distance
d, from hub 101, wherein d,<d,. A finite amount of time is
required for the propagation of a RF signal through free
space, which amount of time is directly associated with the
distance of free space propagation. Accordingly, it can be
expected that there will be a finite difference (A, where Ay
is a function of d,~d,) in the time for a signal to propagate
from node 150 to hub 101 as compared to a signal propa-
gating from node 151 to hub 101. If an Rx frame, as received
by hub 101, is to include contiguous burst periods as
illustrated in FIG. 3C, transmission of a Rx frame burst by
node 151 should be time advanced by an amount of time
equivalent to this time difference, A, to accommodate this
propagation difference. For example, if node 151 is associ-
ated with burst period 371 and node 150 is associated with
burst period 372 and node 150 transmits burst period 372 at
time index Ry,, node 151 should transmit burst period 371
at time index Rp;+Ar for the burst periods to be received
contiguously by node 101.

[0050] The above described technique of adjusting trans-
mission times for propagation delays, referred to herein as
timing advance, is employed by the preferred embodiment
of the present invention to avoid unnecessary idle time at the
hub. It should be appreciated that the use of such timing
advance at the subscriber systems typically will not intro-
duce any additional idle time as these systems are relegated
to waiting for a particular associated burst period or periods
and adjusting their relative timing one direction or the other
generally will not affect operation thereof.

[0051] The preferred embodiment of the present invention
provides for multi-user access to a particular carrier channel
by assigning ones of the burst periods therein to the sub-
scriber systems sharing the carrier channel. Accordingly,
depending on the relative positions of these subscriber
systems and their assignment to the frame burst periods for
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use, the use of timing advance to provide a contiguous Rx
frame at the hub, or other timing adjustment techniques
wherein ones of the subscriber systems are receiving and/or
transmitting on a schedule which is asynchronous with
respect to other ones of the subscriber systems, may result
in burst period overlap. For example, directing attention to
FIG. 5, node 151 may be operating in burst period 371 of the
Rx frame of FIG. 3C wherein transmission of burst period
371 is advanced A by node 151. However, because of the
distance between node 151 and hub 101, transmission of
burst period 371 by node 151 is advanced to the point that
its transmission overlaps the propagation of burst period 364
of the Tx frame within portions of the cell. As shown in FIG.
5, if node 150 is operating in burst period 364, node 150 may
be receiving its forward link transmission when node 151 is
transmitting its reverse link transmission and/or the signal of
node 151 is propagating by node 150, thus resulting in
undesired interference.

[0052] The above described problem with burst period
overlap may be addressed by providing a sufficiently long
guard time between the Tx and Rx frames of a TDD frame.
For example, one solution may be to provide a guard time
between the Tx and Rx frames large enough to accommo-
date the round trip propagation delay at the maximum
coverage extent of the cell, i.e., the round trip propagation
delay from the hub to the cell boundary. Such a cell absolute
worst case guard time would accommodate timing advance
associated with a node disposed at any position in the cell
regardless of the particular burst periods assigned to the
subscriber systems. Regardless of the relative placement of
the subscriber systems and the order in which any subscriber
system communicates in a frame, there could be no overlap
when using a cell absolute worst case guard time. This is
because the cell absolute worst case guard time is of
sufficient length to allow even a node disposed at the very
edge of the cell to operate on the last burst period of the Tx
frame (which will be propagation delayed approximately the
propagation delay to the edge of the cell) with a nearby node
operating on the first burst period of the Rx (timing
advanced an amount equal to the propagation delay from
that node to the hub, which will be approximately the
propagation delay to the edge of the cell), to complete
reception of the Tx burst prior to transmission of the Rx
burst period.

[0053] In very small cells, such as those associated with
the urban microcells of cellular telephony, a cell absolute
worst case guard time (a guard time associated with the
round trip propagation delay of the cell boundary) may be an
acceptable length of time, i.e., the total potential for reduc-
tion of the length of the guard time is not great enough to
justify the development and implementation of a more
elegant solution. However, it is envisioned that systems of
the present invention will communicate over relatively large
distances. For example, it is anticipated that communication
systems of the present invention operating at frequencies
around 38 GHz will provide cellular coverage extending out
to approximately 10 kilometers from the hub. Moreover,
where lower frequencies are utilized, such as 28 GHz, 24
GHz, or even below the gigahertz range of frequencies, it is
expected that even larger distances will be bridged. Accord-
ingly, it should be appreciated that if the above described
guard times adjusted for the worst case propagation delay in
the cell were utilized, the guard times could occupy a
substantial amount of the available spectrum. This would
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result in a significant amount of idle time at the hub wherein
the carrier channel is not in use. This idle time equates to the
loss of theoretically achievable capacity, i.e., if the interfer-
ence problems of overlapping burst periods could otherwise
be solved, the guard time, or a portion thereof, could be used
to carry burst periods.

[0054] Accordingly, the preferred embodiment of the
present invention includes timing adjustment techniques
adapted to efficiently utilize the available spectrum in order
to provide optimized information throughput, rather than
applying a brute force guard time associated with a worst
case cell propagation delay. The preferred embodiment of
the present invention enables the guard time between the
forward and reverse links of a TDD carrier to be adjusted for
optimization of communications. Accordingly, depending
upon instantaneous traffic load associated with the subscrib-
ers utilizing a particular TDD carrier, guard times may be
adjusted to provide a desired level of throughput.

[0055] Preferably, a guard time utilized according to the
present invention is minimized to maximize a carrier chan-
nel duty cycle for the servicing of traffic demands. Accord-
ingly, the present invention adjusts allocation of resources to
the systems operable therewith to thereby utilize a commu-
nication attribute minimized guard time.

[0056] In a preferred embodiment, the communication
system utilizes an algorithm, perhaps at initialization and/or
continuously or periodically during use, to poll subscriber’s
systems or otherwise monitor communication attributes with
respect to operation of hubs and/or nodes, and preferably
various elements thereof, of the communication system. The
communication attribute algorithm is preferably operable
upon a processor (CPU) and associated memory (RAM) of
a hub of the present invention. Of course, additional and/or
other apparatus, such as a general purpose processor based
computer system, may be utilized for operation of the
communication attribute information algorithm of the
present invention.

[0057] Communication attribute information acquired by
such an algorithm may include information regarding each
node’s relative distance from the hub (i.e., propagation delay
information associated with each node useful in determining
a timing advance for an associated node), particular antenna
beams, sectors, carrier channels, burst periods, and the like,
that communications with particular nodes may be con-
ducted upon, communication quality information such as
signal strength, signal to noise ratio, and carrier to interfer-
ence ratio, historical communication information such as
traffic demands of particular nodes, and/or like communi-
cation information. Additional communication information
relevant to establishing communications according to the
present invention may be provided to the system, such as
stored in association with the above described communica-
tion attribute information, including minimum capacity to be
provided to particular nodes, quality of service to be main-
tained with respect to particular nodes, and the like. This
communication information is preferably utilized to deter-
mine the optimum assignment of resources, including
antenna elements, TDM burst periods, FDM frequency
assignments (carrier channel assignments), and/or TDD Tx
and Rx time assignments for each such system.

[0058] According to the preferred embodiment of the
present invention, a traffic scheduler or traffic schedulers are
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utilized to monitor the instantaneous traffic demands of the
carrier channels of an interference group to thereby deter-
mine the appropriate assignment of resources as described
above. The traffic scheduler of the preferred embodiment is
operable upon a processor (CPU) and associated memory
(RAM) of a hub of the present invention. Of course, addi-
tional and/or other apparatus, such as a general purpose
processor based computer system, may be utilized for opera-
tion of the traffic scheduler of the present invention.

[0059] Operation of the preferred embodiment traffic
scheduler is shown in the high level flow diagram of FIG.
6. As shown therein, the preferred embodiment traffic sched-
uler preferably identifies nodes operating on a TDD carrier
channel (step 601). It should be appreciated that the nodes
operating on a same TDD carrier channel are highly likely
to cause interference with other ones of the nodes and,
therefore, should be considered in minimizing a guard time
of that TDD channel. However, it should also be appreciated
that other nodes, both within the cell and external thereto,
may be a source of interference. For example, inter-carrier
interference, such as associated with the various sidebands
of carriers relatively close in frequency, may be of such a
magnitude that additional nodes, including nodes operating
on different carrier channels, should also be identified for
optimization of communications by the traffic scheduler.
Accordingly, an interference group of nodes, i.e., particular
nodes determined to cause and/or receive undesired levels of
interference levels from other nodes of the group, may be
identified by the traffic scheduler at step 601.

[0060] The preferred embodiment traffic scheduler
accesses communication information associated with the
identified nodes (step 602). Having accessed the communi-
cation information, the traffic scheduler is able to intelli-
gently make determinations with respect to the assignment
of resources based on such considerations as the relative
placement of the nodes with respect to the hub, the ability of
particular ones of the nodes to operate on different carrier
channels, the capacity requirements of ones of the nodes,
etc. Accordingly, thereafter the preferred embodiment traffic
scheduler assigns resources for use by the nodes to achieve
optimized communications (step 603), including minimiz-
ing the length of a TDD guard time utilized.

[0061] Directing attention to FIG. 7, more detail with
respect to the optimization of communications by the pre-
ferred embodiment traffic scheduler of FIG. 6 is shown.
Specifically, the steps illustrated in FIG. 7 a performed as
part of a preferred embodiment of the assignment of
resources to optimize communication step (step 603) of
FIG. 6.

[0062] According to the preferred embodiment of FIG. 7,
at step 701 the remotes are ordered for assignment of burst
periods of a frame to facilitate guard time optimization
according to the present invention. According to a most
preferred embodiment, as traffic loads demand, the order of
assignment of burst periods in either or both of the Tx and
Rx frames of a TDD carrier with respect to the subscriber
systems operable thereon are adjusted to accommodate
desired guard times. The preferred embodiment of FIG. 7
orders the remotes according to timing advance information.
For example, the communication information associated
with the nodes accessed at step 602 of FIG. 6 may access a
timing advance value for each node, such as may be deter-
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mined during a normal initialization or acquisition process
and/or which may be dynamically updated, such as based
upon monitored communication conditions and/or
attributes. Preferably the order of the remotes as provided at
step 701 smallest to largest timing advance value, i.e.,
smallest timing advance value being assigned a first time
slot of the frame with the succeeding time slots of the frame
assigned to remotes having incrementally larger timing
advance values. Of course, other and/or additional informa-
tion may be utilized for ordering remotes for assignment of
burst periods. For example, where a plurality of remotes
have a same timing advance value, communication infor-
mation such as a signal strength indicator may be utilized to
select a particular remote of the plurality to assign to each
successive time period of a plurality of time periods.

[0063] 1t should be appreciated that the preferred embodi-
ment of FIG. 7 does not rely upon the distance of particular
remotes from the hub in determining a burst period assign-
ment order, but rather relies upon the value of the timing
advance utilized thereby. This is preferred as the timing
advance information is preferably determined in an initial-
ization or acquisition phase which determines an actually
experienced propagation delay and, therefore, the electrical
distance from the hub. This electrical distance may incor-
porate delays associated with an indirect signal path, such as
a reflected signal utilized when a remote is deployed in a
shadow or other deep fade area or other communication
anomalies causing there to be a discrepancy between a
physical distance and the electrical distance. As it is this
propagation delay or electrical distance that the present
invention seeks to accommodate and thereby optimize the
requirement, if any, for a guard time, it is this information
that the preferred embodiment utilizes instead of a simple
distance measurement.

[0064] At step 702 the traffic scheduler calculates values
for the guard time for each remote. According to a most
preferred embodiment these guard times are calculated as
follows:

GT1_required remote (0) = time_advance(ts_t0)

GT1 _required remote (k) = time_advance(ts_rk) —
x=(k=1)
timeslot— duration (ts_Rx)
x=0

wherein GT1_required_remote(0) is the calculated guard
time for the remote assigned the first time slot in the frame
and GT1_required_remote(k) is the calculated guard time
for each successive remotes assigned to the frame. Accord-
ing to the above formulas of the most preferred embodiment,
the calculated guard time for the first remote is its timing
advance value, i.e., the time associated with signal propa-
gation between the hub and the remote in one link direction.
This value for the guard time is selected for this remote
because this is the minimum guard time required by this
remote in order to avoid its transmission in the reverse link
of FIG. 3C overlapping the hub’s transmissions in the
forward link of FIG. 3C. The calculated guard times for the
remaining remotes are that remote’s timing advance value
minus the sum of any preceding remotes’ time slot dura-
tions, i.e., the time associated with signal propagation
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between the hub and the remote in one link direction minus
the amount of time associated with each preceding time slot
in one link direction of this particular frame. This value for
the guard time is selected for these remotes because it is not
necessary according to the present invention to provide a
guard time for the full propagation delay associated with
these remotes since there is at least a portion of this
propagation time which is used by other remotes in trans-
mitting in this link direction due to the above described
ordering of the remotes.

[0065] 1t should be appreciated that the above described
guard time calculations may result in a negative result for
some remotes. Accordingly, a preferred embodiment of the
present invention sets the guard time for a particular remote
to zero when a calculated guard time is negative. However,
alternative embodiments of the present invention may utilize
negative guard times as calculated, such as for providing
timing advances in certain propagation conditions. At step
703 the traffic scheduler selects a value of guard time (the
dynamically implemented guard time) from the above guard
times calculated for each remote for the optimization of the
system according to the present invention. According to a
most preferred embodiment the dynamically implemented
guard time is selected according to the following formula:

GT1_dynamic=MAX(GT_required__remote(n))

Accordingly, this preferred embodiment selects as the
dynamically implemented guard time by choosing the larg-
est value of the guard times calculated for each remote in
order to provide a guard time which accommodates all
remotes and yet which is minimized so as to allow the
maximum use of spectrum.

[0066] At step 704 the traffic scheduler implements
assignment of the remotes to the burst periods and imple-
ments a frame having the above determined dynamic guard
time. It should be appreciated that the preferred embodiment
of FIG. 7 is operable for each frame communicated. Of
course, other implementation intervals may be selected, if
desired. For example, the determination and/or assignment
of dynamically implemented guard times may be imple-
mented upon a superframe basis, such as to reduce the
amount of computing power/resources utilized according to
the present invention.

[0067] According to the preferred embodiment the above
steps of the traffic scheduler are preferably implemented
with respect to a guard time between the transmit and
receive frames of a centralized communication system, such
as the aforementioned hub while a different technique is
utilized for a guard time between the receive and transmit
frame of the centralized communication system. This is
because the plurality of remote communication systems,
such as the aforementioned nodes, may each be disposed a
different distance from the centralized communication sys-
tem and thus the frame elements associated with their
transmission of data may be time advanced to provide
contiguous or substantially contiguous frames at the cen-
tralized communication system. According to the preferred
embodiment, the centralized communication system trans-
mits the forward link frame portions without advance and,
therefore, subsequent to completion of reception of the
previous reverse link frame portions by the centralized
communication system. Therefore, no guard time is neces-
sary to prevent frame overlap of the transmit frame portion
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and the receive frame portion in such a system. Of course,
an amount of guard time may be desirable between the
receive frame portion and the transmit frame portion, such
as to accommodate a switch from transmit to receive by
communication system equipment. Accordingly, this guard
time may be hardware driven in particular cases.

[0068] However, it should be appreciated that the concepts
of the present invention may be utilized in any number of
links and link directions. For example, the above described
dynamic guard time may be determined for both a forward
and reverse link if desired. Additionally, the dynamic guard
time may be determined for a reverse link to forward link
frame transition rather than the above described forward link
to reverse link frame transition, such as where a hub
advances forward link transmissions to offset propagation
delays of the forward link.

[0069] 1t should be appreciated that, although a preferred
embodiment of the present invention has been described
herein with reference to an air link, the concepts of the
present invention are applicable to links provided through
any number of media. For example, wireline communica-
tions may benefit from application of the present invention.

[0070] Although the present invention and its advantages
have been described in detail, it should be understood that
various changes, substitutions and alterations can be made
herein without departing from the spirit and scope of the
invention as defined by the appended claims. Moreover, the
scope of the present application is not intended to be limited
to the particular embodiments of the process, machine,
manufacture, composition of matter, means, methods and
steps described in the specification. As one of ordinary skill
in the art will readily appreciate from the disclosure of the
present invention, processes, machines, manufacture, com-
positions of matter, means, methods, or steps, presently
existing or later to be developed that perform substantially
the same function or achieve substantially the same result as
the corresponding embodiments described herein may be
utilized according to the present invention. Accordingly, the
appended claims are intended to include within their scope
such processes, machines, manufacture, compositions of
matter, means, methods, or steps.

1. A system for controlling scheduling of information
communication in a time division duplex communication
environment, said system comprising:

a memory storing propagation delay information for a
plurality of nodes in communication with a hub; and

a controller in communication with said memory and
operable under control of an instruction set to deter-
mine a time slot assignment to be implemented in said
time division duplex communication environment to
minimize a guard time thereof through reference to said
stored propagation delay information.

2. The system of claim 1, wherein said time slot assign-
ment determined by said controller includes a determination
of an order of ones of said plurality of nodes to be provided
communications in a communication frame.

3. The system of claim 2, wherein said order of ones of
said plurality of nodes is determined at least in part from a
hierarchy of said stored propagation delay information.

4. (canceled)
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5. The system of claim 3, wherein said ordering of at least
one of said ones of said remote communication system is
further based upon an additional communication attribute
associated with at least one node.

6. (canceled)

7. The system of claim 5, wherein said additional com-
munication attribute is selected from the group consisting of
a minimum capacity to be provided to said at least one
remote communication system and a quality of service to be
maintained with respect to said at least one remote commu-
nication system.

8. The system of claim 2, wherein said determination of
said order includes assigning at least one node of said
plurality of nodes to an alternate antenna element of said
hub.

9. The system of claim 2, wherein said determination of
said order includes assigning at least one node of said
plurality of nodes to an alternate frequency available at said
hub.

10. The system of claim 2, wherein said determination of
said order includes assigning at least one node of said
plurality of nodes to an alternate time division multiple
access frame.

11. The system of claim 1, wherein said time slot assign-
ment determined by said controller includes a determination
of an instantaneous traffic demand associated with ones of
said plurality of nodes.

12. A method for controlling the scheduling of informa-
tion communication in a time division duplex communica-
tion environment, comprising the steps of:

(a) storing propagation delay information with respect to
a plurality of nodes in communication with a hub;

(b) monitoring instantaneous traffic demand associated
with ones of said plurality of nodes; and

(c) determining a time slot assignment to be implemented
in said time division duplex communication environ-
ment to minimize a guard time thereof through refer-
ence to said stored propagation delay information and
said instantancous traffic demand,

thereby controlling the scheduling of information com-
munication in a time division duplex communication
environment.
13. The method of claim 12, wherein determining a time
slot assignment comprises the step of:

determining an order of ones of said plurality of nodes to
be provided communications in a time division mul-
tiple access frame portion.
14. The method of claim 13, wherein determining an order
of ones of said plurality of nodes comprises the step of:

determining a hierarchy of said ones of said plurality of
nodes based upon said stored propagation delay infor-
mation.
15. (canceled)
16. The method of claim 12, further comprising the steps
of:

monitoring at least one communication attribute associ-
ated with ones of said plurality of nodes; and

assigning at least one node of said plurality of nodes to an
alternate available resource based at least in part on
said at least one monitored communication attribute.
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17. The method of claim 16, wherein said alternative
available resource is selected from the group consisting of
an antenna element of said hub, an alternate frequency
available at said hub, and an alternate time division multiple
access frame.

18. (canceled)

19. The method of claim 12, further comprising:

storing communication link information associated with
ones of said plurality of nodes; and

assigning at least one node of said plurality of nodes to an

alternative available resource.

20. The method of claim 19, wherein said alternative
available resource is selected from the group consisting of
an antenna element of said hub, an alternate frequency
available at said hub, and an alternate time division multiple
access frame.

21. The method of claim 19, wherein said stored com-
munication link information includes communication link
information selected from the group consisting of a mini-
mum capacity to be provided to said at least one remote
communication method, and a quality of service to be
maintained with respect to said at least one remote commu-
nication method.

22. A system for providing information communication
between a centralized communication system and a plurality
of remote communication systems, said system comprising:

a processor based traffic scheduler in communication with
said centralized communication system and monitoring
instantaneous traffic demand associated with ones of
said plurality of remote communication systems,
wherein said traffic scheduler determines an assign-
ment of resources for providing said information com-
munication between said centralized communication
system and ones of said plurality of remote communi-
cation systems as a function of said monitored instan-
taneous traffic demand;

wherein said assignment of resources includes an hierar-
chical ordering of said ones of said remote communi-
cation systems in a time division multiple access frame
utilized in providing said information communication
between said centralized communication system and
said ones of said plurality of remote communication
systems.

23. (canceled)

24. The system of claim 22, wherein said ordering of said
ones of said remote communication systems is selected to
minimize a guard time implemented in said time division
multiple access frame.

25. The system of claim 24, wherein said information
communication between said centralized communication
system and said ones of said plurality of remote communi-
cation systems further implements time division duplexing,
and wherein said guard time minimized is a guard time
between a forward link and a reverse link as referenced at
said centralized communication system.

26. The system of claim 25, wherein said guard time is
dynamically determined through reference to a propagation
delay associated with each remote communication system of
said ones of said plurality of remote communication sys-
tems.

27. (canceled)
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28. The system of claim 22, wherein said ordering of said
ones of said remote communication systems is based at least
in part upon a propagation delay associated with respective
ones of said plurality of remote communication systems
being ordered.

29. The system of claim 28, wherein said ordering of at
least one of said ones of said remote communication system
is further based upon an additional communication attribute
associated with said at least one remote communication
system.

30. The system of claim 29, wherein said additional
communication attribute includes a communication quality
attribute.

31. (canceled)

32. The system of claim 28, wherein said ordering of at
least one of said ones of said remote communication system
is further based upon additional communication information
associated with said at least one remote communication
system.

33. The system of claim 32, wherein said additional
communication information includes information selected
from the group consisting of a minimum capacity to be
provided to said at least one remote communication system,
and a quality of service to be maintained with respect to said
at least one remote communication system.

34. The system of claim 32, wherein said ordering of said
ones of said remote communication system using said
additional communication information includes assigning at
least one remote communication system of said ones of said
remote communication systems to an alternative antenna
element.

35. The system of claim 32, wherein said ordering of said
ones of said remote communication system using said
additional communication information includes assigning at
least one remote communication system of said ones of said
remote communication systems to an alternative frequency
assignment.

36. The system of claim 32, wherein said ordering of said
ones of said remote communication system using said
additional communication information includes assigning at
least one remote communication system of said ones of said
remote communication systems to an alternative time divi-
sion multiple access frame.

37. The system of claim 22, wherein said traffic scheduler
further monitors communication attribute information asso-
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ciated with said information communication between said
centralized communication system and said plurality of
remote communication systems.

38. The system of claim 37, wherein said communication
attribute information includes information for determining a
timing advance for a particular remote communication sys-
tem of said plurality of remote communication systems.

39. The system of claim 37, wherein said communication
attribute information includes information with respect to
particular antenna beams available at said centralized com-
munication system for providing said information commu-
nication between said centralized communication system
and a particular remote communication system of said
plurality of remote communication systems.

40. The system of claim 37, wherein said communication
attribute information includes information with respect to
particular carrier channels available at said centralized com-
munication system for providing said information commu-
nication between said centralized communication system
and a particular remote communication system of said
plurality of remote communication systems.

41. The system of claim 37, wherein said communication
attribute information includes information with respect to
particular burst periods available at said centralized com-
munication system and a particular remote communication
system of said plurality of remote communication systems.

42. The system of claim 22, wherein said traffic scheduler
compiles historical communication information with respect
to ones of said plurality of remote communication systems.

43. The system of claim 42, wherein said historical
communication information includes historical traffic
demands associated with particular remote communication
systems of said plurality of remote communication systems.

44. (canceled)

45. In a method of time division duplex communication
between a centralized communication system and a plurality
of remote communications systems, the improvement com-
prising the minimizing of guard time delay for a particular
remote communications system by time slot assignment as
a function of both propagation delay for that remote com-
munications system and the instantaneous traffic demand of
that remote communications system.

46-47. (canceled)



