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SYSTEM AND METHOD FOR FREQUENCY RE-USE IN
A SECTORIZED CELL PATTERN IN A WIRELESS
COMMUNICATION SYSTEM

RELATED APPLICATIONS

The present application is related to co-pending, commonly assigned U.S.
patent application serial number 09/434,707, entitled “SYSTEM AND METHOD
FOR BROADBAND MILLIMETER WAVE DATA COMMUNICATION,” co-
pending, commonly assigned U.S. patent application serial number 09/604,437,
entitled “MAXIMIZING EFFICIENCY IN A MULTI-CARRIER TIME
DIVISION DUPLEX SYSTEM EMPLOYING DYNAMIC ASYMMETRY,” and
co-pending, commonly assigned U.S. patent application serial number 09/607,456,
entitled “FREQUENCY REUSE FOR TDD,” which are incorporated herein by
reference. The present application is also being filed simultaneously with a
commonly assigned U.S. patent application entitled “SYSTEM AND METHOD
FOR INBAND SIGNALING FOR SECTOR SYNCHRONIZATION IN A
WIRELESS COMMUNICATION SYSTEM”.
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BACKGROUND OF THE INVENTION

The present invention relates to communication systems and methods and
more particularly to a system and method for optimizing the bandwidth of a point

to multipoint wireless system by synchronizing transmit and receive modes.

Wireless radio links have increasingly become important to provide data
communication links for a variety of applications. For example, Internet Service
Providers have begun to utilize wireless radio links within urban settings to avoid
the installation expense of traditional wired connections or optical fiber. It may be
advantageous to utilize wireless radio link systems to provide service to a plurality
of users in a point to multipoint architecture. Point to multipoint systems typically
consist of a plurality of hub units servicing a plurality of sub units (sometimes
referred to as remote units, nodes, or subscriber units). The subs are typically
associated with individual nodes on the system. For example, an individual sub
unit may be connected to LAN to allow PC’s on the LAN to bridge to other
networks via the point to multipoint system. Each sub unit communicates via a
wireless channel with a particular hub unit. Ina point to multipoint system, the
hub unit may control communication between a portion of the plurality of sub
units associated with a particular coverage area. The hub units schedule transmit
and receive bursts to and from sub units. The hub units may distribute data
packets received from a particular sub unit to another sub unit within the same
coverage area via such ﬁames, to a traditional wired network backbone, or to

another hub unit.

A point to multipoint system, such as disclosed in the above referenced and
commonly assigned patent application entitled “FREQUENCY REUSE FOR
TDD," contains a plurality of adjacently located huf) units providing an aggregate
coverage area. Additionally, these hubs may have their individual coverage areas

divided into particular sectors - such as 30 or 90 degree sectors. Additionally, the
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hubs may utilize frequency division or other techniques to provide a plurality of

communication channels.

Channel reuse techniques have developed to allow reuse of channels within
a network without introducing unacceptable levels of interference. The purpose of
these channel reuse techniques is maximize channel availability While avoiding
co-channel interference between neighboring hubs. Clearly, these channel reuse
techniques are valuable tools to increasing the bandwidth of point to multipoint
systems. However, according to the present invention it has been realized that
point to multipoint systems contain architectural characteristics that may be
exploited to allow optimization of channel availability greater than that available

with traditional channel reuse techniques while avoiding co-channel interference.

For example, data traffic over a point to multipoint system may be bursty,
rather than at a fixed or continuous data rate. Specifically, an Internet browser
application executed on a sub unit would typically require significant down link
bandwidth while downloading HTML code from a website, but would require
little or no bandwidth while a user reads the display associated with the HTML
code. Additionally, the bandwidth requirements of many applications such as
browsers may be asymmetric. Specifically, Internet browsers often download a
large amount of data, but upload proportionally very little. Accordingly, point to
multipoint systems may implement dynamic bandwidth allocation (DBA)
techniques to maximize the data throughput associated with asymmetric, bursty
traffic. |

Accordingly, it is an object of the present invention to provide a system and
method to maximize the bandwidth of point to multipoint systems in accordance
with the unique characteristics of point to multipoint systems as between particular

portions of the network.

It is an additional object of the present invention to provide a system and

method for synchronized dynamic allocation of bandwidth.
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It is an additional object of the present invention to provide a system and
method for synchronization of receive and transmit modes of sectors or other
portions of an associated group of hub units to maximize the bandwidth of point to

multipoint systems.

It is an additional object of the present invention to provide a system and

method for sector to sector telemetry in point to multipoint systems.

It is an additional object of the present invention to provide an efficient
communication channel for use with the invention systems and methods that
allows synchronization of neighboring hubs while permitting rapid dynamic

allocation of bandwidth in individual hubs.

It is still an additional object of the present invention to provide a pattern of

frequency re-use in a wireless communication system.

It is another object of the present invention to provide a repeatable pattern
of frequency re-use in a wireless communication system comprised of sixteen cells

in a four-by-four grid using two polarizations per communication frequency.

It is yet another object of the present invention to provide a repeatable
pattern of frequency re-use in a wireless communication system comprised of
sixteen cells grouped in four sub-clusters of four cells in which facing sectors in

the pattern are synchronized.

It is a further object of the présent invention to provide a method of
reducing co-channel and/or adjacent channel interference by a pattern of frequency

re-use.

These and other objects, features and technical advantages are achieved by
a system and method which operate in a point to multipoint system comprising a
plurality of hubs and a plurality of subs distributed within coverage areas
associated with the hubs. The point to multipoint system preferably divides its

communication bandwidth into channels utilizing spectrum division techniques,
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such as frequency division, time division, or orthogonal code division. Also, the
hubs communicate to the subs within their coverage areas via sector antennae. By
utilizing spectrum division and sector antennas, preferred embodiments of the
point to multipoint system coordinate channel allocation via a channel reuse plan.
Additionally, preferred embodiments divide individual channels into transmit and
receive modes via a Time Duplex Division (TDD) scheme via the same channel.
In this TDD scheme, a hub transmits information to subs in the transmit mode and
receives information from subs in the receive mode. Moreover, the hubs of the
point to multipoint system preferably may dynamically allocate bandwidth
between the transmit and receive modes to achieve asymmetric communication
modes. Also, the preferred embodiment subs utilizing the present invention

comprise directional antenna.

Co-channel interference such as in adjacent sectors of neighboring hubs is a
significant concern. Specifically, hub to hub exposure is problematic, since hub
antennas are typically directed toward other hubs of the network in order to
provide composite coverage of a service area. For example, preferred
embodiment hubs may utilize sector antennas covering between 30 to 90 degrees
in azimuth, which are oriented to face similar sector antennas at neighboring hubs.
Sub unit exposure is not as a significant issue for the preferred embodiments point
to multipoint systems, because sub units of these point to multipoint systems
utilize highly directional antenna. Accordingly, the subs units may not be exposed

to significant co-channel interference from other sub units or other hub units.

Channel reuse plans may be utilized to mitigate hub to hub co-channel
interference. For example, by carefully assigning channels for use by the hubs of
a network, reuse performance of approximately 1 may be achieved. Moreover,
through advanced channel planning techniques, such as shown and described in

the above referenced patent application, entitled “FREQUENCY REUSE FOR
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TDD?”, and as described below, higher channel reuse performance may be

achieved.

Nonetheless, a method or system optimization that would permit greater
channel reuse would allow greater bandwidth for the system as a whole. The
present invention achieves this goal in one embodiment by synchronizing transmit
and receive modes of hubs. One embodiment of the present invention
synchronizes dynamic bandwidth allocation of facing sectors of a cluster of
geographically adjacent hubs, while allowing other sectors of these hubs to
independently allocate bandwidth through frequency reuse and facing sector
synchronization. The hubs are adjacent in the sense that the hubs are the nearest
neighbor hubs in a particular direction. In this embodiment, guard time between
transmit and receive modes is minimized by preferably selecting a guard time to
accommodate the synchronization distance of just over two hub coverage radii.
For example, where a maximuim reuse is 6R, a reuse schedule of 9, with 30 degree
sectors, 4.5 km cells, the guard time is approximately 100ps or approximately 5 %
of the embodiment’s channel capacity to accommodate propagation from a
maximum distance in the reuse cluster. However, as the present invention
synchronizes facing sectors of adjacent hubs, the synchronization distance is
greatly reduced. Accordingly, in this embodiment, the guard time only occupies .5
% of the channel capacity. Moreover, the computation requirements of the system
are significantly reduced in this preferred emBodiment, as a much smaller portion
of the network is synchronized with respect to any particular synchronization
determination. Also, the facing sector synchronization simplifies the

implementation of synchronization telemetry.

In another embodiment of the present invention, a pattern of frequency re-
use is described where a repeatable pattern of cells is employed to allow for re-use
of a number of frequency assignments where there are two polarization modes

available per frequency. Such a pattern of frequency re-use is especially useful



WO 02/47411 PCT/US01/47153

when the number of frequency assignments, or communication channels, available
for operation of a communication system is limited. In order to provide sufficient
coverage for a particular operating area, a pattern of cells that re-use the available
frequencies must be provided in order to avoid dead spots or to avoid interference
between adjacent channels on the frequency spectrum used in the same area,
known in the art as “adjacent channel interference” or interference between two
cells using the same frequency with the same polarization in adjacent areas,

known in the art as “co-channel interference”.

Idealizing the shape of the cells in the pattern as circular and further
idealizing each cell as having a similar radius, the shape of a repeatable pattern of
such cells can be viewed as an overlay on a flat surface. Obviously, such
idealizations such as a flat surface and substantially identical cells spaced at
uniform distancés rarely occur in the real world. However, it is to be understood
that the present inventive system and method is not limited to such idealizations
but rafher is applicable to real world situations where the overall frequency re-use
pattern can be used while taking into account minor variations to allow for
obstructions, terrain features, dissimilar cell sizes, irregular spacing of cells, etc. -
While the disclosure of the invention below will discuss an idealized repeatable
pattern composed of idealized cells, etc., such idealizations should not be

construed as limitations of the invention.

For cells of substantially the same size and circular in shape, one
arrangement of those cells in a multi-cell pattern may be seen as a square grid
where the edge of two cells that are adjacent in the same rank or the same file are
tangent at one point. In such an arrangement, cells that are diagonally adjacent are
not tangent. In another multi-cell arrangement, a cell in the pattern is tangent to
each of six adjacent cells. Such a pattern would appear as a honeycomb shape if

the cells are idealized to be hexagonal in shape.
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The inventors have determined empirically that for cells with 90° sectors, a
minimum of eight frequency assignments and two polarizations are required for
efficient frequency re-use for broadband wireless access systems. This is a
reasonable requirement of frequency/polarization assignments for 90° sectorized
cells in a time division duplex (“TDD”) system considering the size of a typical
license allocation of frequencies on a worldwide basis. For example, in Europe,
the anticipated license allocation is 2 x 112 MHz or 224 MHz for the 28 GHz band
and approximately 500 MHz for the 42 GHz band. Most of the North American
broadband wireless access operators have allocations in excess of 200 MHz. An
emerging popular channel size is 28 MHz in Europe and 25 MHz in North
America. These channel sizes coupled with the anticipated license allocation of

frequencies allows for eight or more available ﬁequendy channels.

While 90° sectors have some disadvantages over smaller sector sizes, such
as 60°, 45°, and 30° sectors, 90° sector size is the baseline for planning for almost
all broadband wireless access operators and standards groups. For example, RF
performance is somewhat compromised for wide sectors relative to narrow
sectors. Cell diameter is reduced thereby requiring a greater number of hubs/cells
to cover a given area. Wider sectors also give rise to a greater possibility of co-

channel and adjacent channel interference.

Despite the operational drawbacks of 90° sectors, there are significant
economical advantagés to 90° sector plans. One advantage is the lower cost of
outdoor gear. With 90° sectors, fewer sectors and hence fewer radios, antennas,
and associated equipment, both primary and redundant, are required when
compared with smaller-sized sectors. Additionally, a significant cost to operators
are roof rights. Landlords tend to charge for the right to place equipment of the
roof of their building based on the number of antennas so 90° sectors translates
into lower cost for roof rights. Also, wider sectors provide greater RF coverage

which is an important benefit in the early deployment of a system.
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The foregoing has outlined rather broadly the features 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
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 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 bé 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. The novel features which are
believed to be characteristic of the invention, both as to its organization and
method of operation, together with further objects and advantages will be better
understood from the following description when considered in connection with the
accompanying figures. It is to be expressly understood, however, that each of the
figures is provided for the purpose of illustration and description only and is not

intended as a definition of the limits of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

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 drawing, in which:

FIGURE 1 depicts an illustrative example of a point to multipoint system '

arranged in a cluster architecture.

FIGURE 2A depicts an illustrative sector configuration for the point to
multipoint system set forth in FIGURE 1. '

FIGURE 2B illustrates a sectorized antenna arrangement for a hub for one

of the cells in FIGURE 2A.
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FIGURE 3 illustrates particular sectors and the propagation of

transmissions from hubs to a plurality of subs within the particular sectors.

FIGURES 4A to 4D each illustrate a timing diagram for a series of RX and

TX frames associated with opposing sectors of adjacent hubs.

FIGURE 5 illustrates an exemplary power density spectrum for a QAM

carrier signal and an associated Adaptation carrier.

FIGURE 6A illustrates a set of eight frequency channels with two

polarizations per frequency channel for use in a frequency re-use pattemn.

FIGURE 6B illustrates eight unique cell types using the set of eight
frequency channels with two polarizations per frequency channel illustrated in

FIGURE 6A.

FIGURE 7 illustrates a repeatable pattern of sixteen cells in a four-by-four
rectilinear grid where each cell is divided into four 90° sectors where opposing

sectors operate on the same frequency channel with the same polarization.

FIGURE 8 illustrates one group of four cells from the repeatable pattern of
sixteen cells in FIGURE 7.

FIGURE 9 illustrates a repeatable pattern of sixteen cells in a four-by-four
grid forming a parallelogram where each cell is divided into four 90° sectors where
opposing sectors operate on the same frequency channel with the same

polarization.

FIGURE 10 illustrates a repeatable pattern of FIGURE 7 where facing
sectors operate on the same frequency channel and polarization to allow for

transmit and receive synchronization between hub antennas of facing sectors.



WO 02/47411 PCT/US01/47153
11

FIGURE 11A illustrates the set of eight frequency channels with two
polarizations per frequency channel shown in FIGURE 6A indicating those
frequency channels and polarizations used in the pattern in FIGURE 10 and those
frequency channels and polarizations ﬁot used in the pattern of FIGURE 10 that

are held in reserve.

FIGURE 11B illustrates eight unique cell types using the set of four
frequency channels with two polarizations per frequency channel] illustrated in
FIGURE 11A as being used in the frequency re-use pattern of FIGURE 10.

FIGURE 12 illustrates one group of four cells from the repeatable pattern
of sixteen cells in FIGURE 10.

FIGURE 13 illustrates the repeatable pattern FIGURE 10 with an overlay
of additional frequency channel sectors to accommeodate an increase in the

capacity demands of the users of the system.

DETAILED DESCRIPTION

FIGURE 1 illustrates an exemplary point to multipoint system utilizing the
present invention. The system is preferably deployed in a cluster configuration.
The illustrative cluster consists of a plurality of hubs (105, 106, 107, 108),
although clusters in numbers different than the illustrated configuration may be
employed according to the present invention. It shall be appreciated that
communication networks utilizing the present invention may include additional
clusters, either remotely located or adjacently located, w1:th the clusters utilizing

the present invention.

Hubs 1085, 106, 107, and 108 provide coverage to cells 101, 102, 103, and
104. A plurality of subs (109 - 119) are deployed in cells 101, 102, 103, and 104,
respectively. In addition, processor systems (120 - 131) are respectively

associated with individual sub units. It shall be appreciated that sub units of a
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point to multipoint system may be alternatively associated with a LAN network of
processors system. Alternatively, the sub units of point to multipoint system may
be connected to an intermediate network. For example, a sub unit may be
connected to an intermediate ATM switch. It shall further be appreciated that a
system employing the present invention may contain an arbitrarily large number of
hubs, cells, and sub units. For simplicity of describing the present invention, the

exemplary embodiment has been described in terms of four cells.

FIGURE 2A illustrates an exemplary sector configuration of the point to
multipoint system set forth in FIGURE 1. As previously noted, the system is
divided into coverage areas associated with cells 101, 102, 103, and 104,
Moreover, cells 101, 102, 103, 104, of the illustrated embodiment are sectorized
into 90 degree sectors (101A-101D, 102A-102D, 103A-103D, and 104A-104D),
although other sector sizes may be synchronized according to the present
invention. Hubs 105, 106, 107, and 108 transmit and receive signals to/from the
sectors via sector antennas, such as illustrated in FIGURE 2B for the hub 105.
The sector antennas 202A through 202D may utilize a discrete antenna element for
each sector. Alternatively, the sector antennas may utilize a plurality of narrow
beam antenna elementslto synthesize sector coverage. In this configuration,
energy from RF signals transmitted from a sector antenna associated with any of
sectors 101D, 102C, 103B, and 104A may be detected in the other sector antennas
of this group. |

The spectrum allocated to the point to multipoint system as a whole is
preferably subdivided into channels. Numerous methods of channel division may
be utilized with the present invention, such as time division, frequency division
channels, frequency hopping channels, and orthogonal code channels. The
channels are divided into discrete sets. Additionally, the sets of channels are
allocated among the sectors of the point to multipoint system in accordance with a

reuse schedule. In this exemplary system, RF signals 302-307 are being
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transmitted upon the same channel for the purpose of illustrating the present
invention. It shall be appreciated that other signaling may occur on other channels

concurrently with the exemplary transmit and receive signals.

According to a preferred embodiment, at least adjacent sectors of a
particular cell are provided different channel sets according to the channel reuse
plan. For example, the channels assigned for use by sectors 104B and 104C are
différent from the channels assigned for use by sector 104A. However, depending
upon the front and back isolation of the sector antenna, side lobe characteristics,
and the like, channel sets may be reused in a cell, such as within sector 104B and

104C and/or 104A and 104D.

FIGURE 3 illustrates a series of RF transmit signals (301-306) broadcast
from hubs 105 and 106, respectively. Hub 105 transmits a series of RF time burst
or time slot signals (302, 303, and 304) with the signals propagating in direction
301 within sector 101D. Since hub 105 utilizes a sector antenna, the energy
associated with RF signals 302, 303, and 304 propagates through out sector 101D.
RF signal 302 comprises information for sub 109. RF signal 303 comprises
information for sub 110. RF signal 304 comprises information for sub 111.
Similarly, hub 108 transmits a series of RF time burst or time slot signals (305,
306, and 307) with the signals propagating in direction 308 within sector 104A.
Since hub 104 utilizes a sector antenna, the energy associated with RF signals 305,
306, and 307 propagates through out sector 104A. RF signal 305 may comprise
information for sub 117. RF signal 306 may comprise information for sub 118.

RF signal 307 may comprise'information for sub 119.

Eventually, RF signals 302, 303, and 304 will propagate beyond the
confines of cell 104 into cells 101, 102, and 103. Accordingly, RF signals 302,
303, ~and 304 could cause co-channel interference in cells 101, 102, and 103. In
the preferred embodiment point to multipoint system, the sub units utilize highly

directional antennas directed toward an associated hub and therefore generally
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away from the remaining hubs of a cluster. Accordingly, the subs generally will

not experience co-channel interference from RF signals 302, 303, and 304.

However, hubs 105, 106, and 107 will experience co-channel interference if
the hubs are in receive mode with respect to the particular channels associated
with RF signals 302, 303, and 304 when the RF signals arrive at the particular hub.
According to a preferred embodiment, hub 108 utilizes the same set of channels
for sector 104 A as hub 105 utilizes for sector 101D, hub 106 uses for sector 102c,
and as hub 107 uses for sector 103b. Accordingly, RF signals 302, 303, and 304
could cause co-channel interference depending upon their arrival time at hubs 106,
107, and 108. It shall be appreciated that RF signals 302, 303, and 304 will have
negligible effect if RF signals 302, 303, 304 arrive when hubs 106, 107, and 108
are in transmit mode. Similarly, RF signals 305, 306, and 307 may cause co-
channel interference in hubs 105, 106, and 107, if the hubs are in receive mode

with respect to the channels associated with the signals upon their arrival.

Additionally, the subs in sectors 101D and 104A broadcast RF signals 309-
314. As previously noted, the sub units of the preferred embodiment of this
system utilize highly directional antennas. The architecture of the system is such
that the highly directional antennas focus the radiated RF energy within a very
narrow beam centered upon the respective hubs. Accordingly, it is unlikely that
the subs could couple with another antenna in the system to cause co-channel
interference. It shall be appreciated that this exemplary system contemplates that
RF signals 302-307 and RF signals 309-314 are being transmitted via the same
frequency channel. Accordingly, the exemplary system illustrating the present

invention controls the timing of RF signal transmissions in TDMA burst periods.

The preferred embodiment of the present invention and method
synchronizes particular transmissions within a point to multipoint system to
prevent hub transmission from causing co-channel interference. Of course,

reception windows may also be synchronized in addition to or in the alternative to
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transmission window synchronization in accordance with the present invention.
Depending upon the amount of isolation between channels, it may be possible to
independently synchronize individual channels in adjacent sectors. By
synchronizing individual channels, an adaptive time division duplex scheme may
maximize throughput on a per channel basis. However, this approach requires
greater processing capacity, and hence greater equipment costs and complexity, to
calculate optimal receive and transmit asymmetries. Accordingly, the preferred
embodiment synchronizes transmission and reception for all channels utilized
within adjacent sectors. In this manner, the present system and method allows
greater performance of the asymmetric time division duplex algorithms while

maintaining costs and complexity at preferred levels.

FIGURES 4A through 4D set forth exemplary timing diagrams for transmit
and receive frames for sectors 101D, 102C, 103B, and 104A of hubs 105, 106,
107, and. 108. Each hub is preferably synchronized to begin its transmit mode at
time to. Hub 105 transmits TX bursts 401-403, comprising information for subs
109-111, respectively. Hub 106 transmits TX burst 404 comprising information
for sub 114. Hub 107 transmits bursts 405 and 406, comprising information for
subs 115 and 116, respectively. Hub 108 transmits bursts 407-409, comprising
information for subs 117-119, respectively. Also, each hub is preferably

synchronized to end its transmit mode at time ts.

Additionally, hubs 105-108 are further synchronized such that hubs 105-
108 do not transmit from time tq to time t;. Also, hubs 105-108 do not receive
bursts from subs from time t4 to time t;. During this period, the delay in
transmission and reception creates guard 316. The duration of guard 316 is
preferably selected so that the RF signals associated with the respective bursts will
propagate beyond any hub that may experience co-channe] interference before the
hub will enter receive mode. Adjacent sector synchronization causes the

synchronization distance for this embodiment to be slightly more than two hub
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radii (the distance between hubs 105 and 108). Adjacent sector synchronization
with proper reuse planning is sufficient, because non-synchronized sectors
utilizing the channels will be sufficiently separately spatially or facing different

directions to avoid co-channel interference.

An exemplary discussion of such frequency reuse planning is contained in
the above reference patent application, entitled “FREQUENCY REUSE FOR
TDD.” In an environment utilizing frequency use, channels may be assigned to
hubs and their respective sectors by storing assigned channels in non-volatile
memory at a hub which is utilized to physically configure the hub during a
configuration start-up operation. Alternatively, channels may be assigned upon a
dynamic basis in accordance with dynamic channel assignment algorithms. In this
case, a channel controller may implement a particular dynamic assignment
algorithm and periodically communicate assigned channels to the hubs for use in

the respective sectors.

After time t;, hubs 105-108 are synchronized to enter the receive mode. At
this point, hubs 105-108 may receive transmissions from their respective subs
without detecting RF signals transmitted from the other hub. During the receive
mode, hub 105 receives RX bursts 410-412 from subs 109-111, respectively. Hub
106 receives RX bursts 413 from sub 114. Likewise, hub 107 receives RX bursts
414 and 415 from subs 115 and 116, respectively. Hub 108 receives RX bursts
416-418 from subs 117-119, respectively. Hubs 105-108 are preferably

synchronized to end their receive modes at time t;3.

Additionally, this embodiment provides other advantages. First, adjacent
hubs are capable of direct communication and therefore may coordinate frame
timing and/or channel allocation without the use of separate telemetry lines.
Secondly, the telemetry bandwidth necessary to coordinate channel allocation in a

synchronous manner is significantly reduced in the adjacent hub configuration.
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Moreover, adjacent sector synchronization requires much less computation

capacity than cluster-wide synchronization.

It shall be appreciated that the present invention allows greater system
utilization and performance through other considerations in addition to greater
channel reuse. By synchronizing adj acent sectors or adjacent antenna beams, the
present invention does not place any other arbitrary restrictions upon the transmit
and receive asymmetries associated with other sectors or antenna beams. For
example, it is possible that sub units in adjacent sectors aggregately require
significant transmit bandwidth but little receive bandwidth at a particular moment
in time. Concurrently, it is possible that sub-units of non-adjacent sectors may
aggregately require inverse bandwidth requirements. If the entire group of sectors
were synchronized, a portion of the bandwidth would be wasted in both the
adj acent and non-adjacent sectors. Accordingly, the present invention operates the
transmit and receive asymmetries of adjacent sectors independently of other
asymmetries. By severing the asymmetries relationship, the system may adapt to
Bandwidth requirements that inherently vary throughout the system at various

‘points in time.

It shall be further appreciated that the present invention does not requires
that hubs 105-108 begin or end their transmit 'mlodes or receive modes at the exact
times. However, more accurate synchronization reduces the guard time and
thereby maximizes the system throughput. Moreover, the present invention does
not require any particular allocation of channel bandwidth to subs. It shall be
appreciated that any number of channel division techniques may be utilized. All
of the bandwidth during a single transmit/receive cycle may be allocated to a
particular sub. Alternatively, each sub in the sector may receive a designated
portion of the available bandwidth per transmit/receive cycle in a TDM / TDMA
scheme. Alternatively, the subs may be allocated bandwidth according to a

polling scheme. The hubs may implement any number of algorithms to schedule
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bandwidth to particular sub units. The receive and transmit modes may be divided
through other techniques. For example, the subs may employ a CSMA/CD
technique to send bursts to the hubs. Alternatively, the system may employ a
contention period and a contention free period for sub access to the

communication channel.

It shall be appreciated that numerous other signaling may occur between the
hubs and subs on the selected channel in conjunction with the present invention.
For example, the hubs may transmit broadcast bursts intended for all sub units.
The hubs may transmit control channel bursts. Additionally, the hubs may
transmit a beacon signal containing timing information or a network allocation
vector to allow sub units to synchronize with the hub. The signaling may include

requests to transmit, permission to transmit, or acknowledgment of data bursts.

It shall be appreciated that present invention does not require rigid
definition of the transmit and receive modes. For example, TDM / TDMA
telephony systems rigidly define the timing and duration of receive and transmit
modes to optimize the systems to carry voice traffic. In contrast, the present
invention may operate within a system that has asymmetric transmit and receive
modes. Also, the present invention may be employed in a system that dynamically
changes the duration of the transmit and receive modes. Exemplary dynamic
bandwidth allocation systems and methods that may be employed in conjunction
with the present invention are described in the above referenced patent application,
entitled “SYSTEM AND METHOD FOR BROADBAND MILLIMETER WAVE
DATA COMMUNICATION.” To facilitate dynamic variation of bandwidth
allocated to transmit and receive modes according to a preferred embodiment,
hubs possessing synchronized sectors of the preferred embodiment communicate
the variations to corresponding hubs and/or a common control system.

Accordingly, a further aspect of the present invention provides a telemetry
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communication channel for synchronizing transmit and receive modes of hubs

subject to co-channel coupling.

Several approaches may be taken to provide this communication channel.
" Leased connections from a ILEC (incumbent local exchange carrier) may be
utilized for the synchronizing telemetry. However, it is preferred to utilize
communication resources associated with the point to multipoint system, rather
than ILEC connections. Accordingly, sector synchronization telemetry may
utilize a backhaul associated with the point to multipoint network. A backhaul
may be implemented in any form of communication means, such as a broadband
fiber-optic gateway or other broadband data grade connection, T1 communications
lines, a cable communication system, or the like. However, a connection to the
backhaul or other system connected to the backhaul is required for each hub of a
cluster that implements sector synchronization utilizing such a control channel.
Although this may be sufficient in many systems, it is not an optimal solution as

particular systems may have hubs that are not connected to the backhaul.

FIGURE 5 illustrates a preferred option for synchronization telemetry
involving a narrow carrier band adjacent to the primary carrier band. Ina
preferred embodiment of the present invention, the spectrum of the point to
multipoint system is divided into discrete 50 MHz channels. The primary data
communication occurs via a Quadrature Amplitude Modulation (QAM) carrier
501 that occupies approximately 46 MHz. Additionally, narrow band adaptation
carrier 502, preferably having a bandwidth of 130 kHz, is established in the guard
space of the 50 MHz channel to provide the synchronization telemetry. The hubs
preferably utilize 2-level FSK modulation to signal information via adaptation
carrier 502. In a preferred embodiment, adaptation carrier 502 comprises a 100
kbps signaling rate, 10 dB C/N for 102 BER, 1/2 concatenated coding, and
transmit power 10 dB below the QAM power level. By utilizing this type of
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channel, the control channel may be transmitted and/or received via the adjacent

sector antenna beams of a particular cluster of hubs.

It shall be appreciated that narrow band adaptation carrier 502 provides a
preferred signaling channel optimized for the 50 MHz system. However, it shall
be appreciated that the telemetry control channel is not required to be implemented
as a narrow band carrier. If the present invention is utilized in a broadband point
to multipoint system, the telemetry control channel may be spread spectrum
processed across a larger spectrum. Additionally, it is not required to located
adaptation carrier 502 in guard space associated within a predefined channel. The

adaptation carrier may be implemented utilizing distinctly allocated spectrum.

In a preferred embodiment, adjacent hubs utilizing the present invention
may receive bandwidth requests from their respective sub units. The hubs may
perform calculations based upon the bandwidth calculations. In this type of a
system, a bandwidth controller may be located in one hub to receive the results of
the bandwidth calculations via adaptation carrier 502. Alternatively, the
bandwidth controller may by implemented as a separate system link to the

respective hubs.

The bandwidth controller utilizes the received calculations to determine
optimal transmit and receive mode durations for synchronized sectors. The
controller hub utilizes the adaptation carrier to signal the determined transmit and
receive mode durations to the hubs. At this point, the hubs utilize the durations to
allocate transmit and receive resources to their respective subs within the adjacent
sectors. It shall be appreciated that the controller may receive the bandwidth
requests and perform the calculations directly. However, performing the
calculations at the hubs is preferred, since it distributes the processing
requirements more efficiently. Also, it shall be appreciated that the hubs may
contain logic to control receive and transmit modes in the event that the

adaptations carrier link is interrupted. For example, the hubs may temporarily
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revert to a predefined lengths for transmit and receive modes. Alternatively, the

hubs may temporarily define receive and transmit modes of equal lengths.

, For example, a bandwidth controller of the present invention may monitor
the instantaneous traffic demands on both forward and reverse links to thereby
determine the appropriate amount of ATDD and/or asymmetry at which to operate
the carrier channels. The bandwidth controller of the preferred embodiment of the
present invention is operable upon a processor (CPU) and associated memory
(RAM) of a hub of the present invention. The controller may contain a record of
adjacent antenna beams and respective channels in a non-volatile memory in order
to effect the desired synchronization. Alternatively, the bandwidth controller may
operate in an environment that dynamically varies sectors and/or dynamically
assigns channel to various sectors. In this environment, the bandwidth controller
may communicate with the portions of the system that effects the sector
configuration and/or channel assignment algorithms to obtain information
concerning adjacent antenna beams and their channels. Of course, additional
and/or other apparatus, such as a general purpose processor based computer
system having an appropriate algorithm controlling operation thereof, may be

utilized for operation of the bandwidth controller of the present invention.

With reference now to FIGURE 6A, the set 600 is a notional depiction of
eight available frequency channels, also referred to herein as “frequencies”, for a
communication system with two polarizations available per frequency channel.
The set 601 of frequencies are at one polarization and the set 602 of frequencies is
at another polarization. Preferably, the polarizations of the frequency set 601 and
the frequency set 602 are mutually orthogonal to minimize the possibility of
interference between antennas operating at the same frequency but different
polarizations as discussed further below. The polarizations can be, but are not
limited to, horizontal and vertical alignments or slant left and slant right

alignments.
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It should be understood that although the discussion below develops
frequency re-use patterns for eight frequencies and two polarizations, the present
inventive system and method is not limited to eight frequencies and two
polarizations. The principles on which the frequency re-use patterns herein
disclosed are applicable likewise apply in situations where more than eight
frequencies are available for the communication system deploying a frequency re-

use pattern of the present inventive system and method.

FIGURE 6B depicts eight cells, such as the cells illustrated in FIGURE 2A,
where each cell is divided into four 90° substantially non-overlapping sectors. The
hub of each cell has at least one antenna per sector, for example the hub 105
shown in FIGURE 2B. As shown in FIGURE 6B, opposing sectors of a cell
operate with the same frequency/polarization assignment. Taking cell 610 as an
example, sectors 610A and 610D operate at frequency/polarization 601A while
sectors 610B and 610C operate at frequency/polarization 602T. Although the
sector designations are only shown for the cell 610, is it to be understood that the
sector designations apply to every cell and are used throughout the specification
and drawings. With eight frequencies and two polarizations per frequency
available as shown in FIGURE 6A, there are 16 unique frequency/polarization
sector assignments, or “degrees of freedom”, available. It is important for
minimizing adjacent channel and co-channel interference in a frequency re-use
plan to maximize the “distance” between the frequency/polarization sector
assignments in a cell, i.e., the largest frequency separation and orthogonal |
polarization assignment is preferred. Additionally, for adaptive time division
duplex systems (“ATDD”) maximizing frequency separation minimizes coupling
problems associated with independent dynamic asymmetric frame usage within a
cell. The pattern of assignment of the 16 degrees of freedom as shown in FIGURE
6A is preferred since that pattern results in the maximum “distance” between
sector assignments for a cell. The present inventive system and method

contemplates the use of other patterns of assignment of the 16 degrees of freedom.
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Using the pattern of sector assignments discussed above, there are eight
unique “cell types” available if each of the 16 sector assignments, or degrees of
freedom, is used once. Each of the cells in FIGURE 6B is of a unique cell type.
The eight cell types will be arranged in a particular manner so as to minimize co-
channel and adjacent channel interference while obtaining maximum coverage of
an operating area for a communication system which has the

frequency/polarization assignments of FIGURE 6A.

With attention now to FIGURE 7, a section of a multi-cell frequency re-use
pattern is depicted. As shown in the Figure, the 16-cell four-by-four rectilinear
grid 710 is comprised of the four two-by-two groups, 701 through 704. The 16-
cell grid 710 is repeatable vertically and horizontally, referenced to the orientation
of FIGURE 7, so as to be able to cover an area that is larger than the area covered
by one instance of the grid 710. The cells in the grid 710 are arranged so that each
cell occupies a unique rank and file position, where all the cells on the bottom row
of FIGURE 7 are in the rank designated 720 and where all the cells in the left-
most colunm of FIGURE 7 are in the file designated 730. The cells in the 16-cell
rectilinear grid 710 are arranged so that rank and file adjacent cells are tangent but
diagonally adjacent cells are not tangent. The rank and file designations are
arbitrary and are only used as a convenience to accurately describe the
arrangement of cells in the pattermn. The rank and file designations are not part of _

the invention and should not be construed as limiting the invention in any way.

Referring now to FIGURE 8, the 4-cell group 703, located in the lower left-
hand quadrant of the rectilinear grid 710 in FIGURE 7 is depicted. Each one of
the four cells in the cell group 703 is a unique one of the eight cell types discussed
above and shown in FIGURE 6B. The cell 650 is tangent to its rank and file
adjacent cells, i.e., the cell 650 is tangent to the cells 610 and 660. The cells 610,
620, 650, and 660 are oriented in the cell group 703 such that the polarization of

facing cells for rank and file adjacent cells is not the same. For example, the
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sector 650B in the cell 650 is of one polarization while its facing sector in the rank
adjacent cell 660, the sector 660A is of the other polarization (reference the two
polarizations in FIGURE 6A). By inspection of FIGURE 7 and FIGURE 38, it is
shown that for each of the four cell groups, 701 through 704, the polarization of
facing cells for rank and file adjacent cells is not the same. This orientation of the
cells within a group works to minimize co-channel and adjacent channel

interference as discussed above.

Referring back to FIGURE 7, and with attention now to the cell group 704,
each one of the four cells in the cell group 704 is a unique one of the eight cell
types discussed above and shown in FIGURE 6B. Additionally, each of the cells
in the cell group 704 is of a different cell type from the cell types used in the cell
group 703. In other words, of the eight cell types depicted in FIGURE 6B, four of
those cell types are used in the cell group 703 and the other four of those cell types
are used in the cell group 704. The orientation of the cells in the cell group 704 is
similar to the orientation of the cells in the cell group 703 as discussed above: the
polarization of facing cells for the rank and file adjacent cells is not the same.
Furthermore, and preferably, the polarization of facing cells for the rank adjacent

cells for the cells 620, 660, 630, and 670 are different, as shown in FIGURE 7.

Having discussed the orientation and arrangement of the cells in the four
cell groups, it should be noted that there is a relationship between the cells in the
cell groups 703 and 702 as well as a relationship between the cells in the cell
groups 704 and 701. Referring to the cell groups 703 and 702 in FIGURE 7, it can
be seen that the same four cell types appear in each of the cell groups and that the
arrangement of the cells in each of the cell groups is the same, i.e., the cell 650 in
the cell group 703 is the same cell type as the cell 6508 in the cell group 702.
However, the frequency/polarization assignments for each cell have been swapped
between the pairs of opposing sectors. Whereas for the cell 650 in the cell group

703 the upper right and lower left sectors are of a first frequency/polarization
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combination, the same first frequency/polarization combination appears in the
upper left and' lower right sectors of the cell 650S in the cell group 702. The same
is true for each cell in groups 703 and 702. Another way to view the relationship
is that the cells in the cell group 702 have been rotated 90° from the orientation of
the cells in the cell group 703. Likewise, the cells in the cell groups 704 and 701

are related in the same manner.

The reason for the change in orientation of the cells between cell groups
703/702 and 704/701 is to minimize co-channel interference between the sectors
of the cells of the same cell type. If, for instance, the cell 650S was of the same
orientation as the cell 650, the facing sectors 650A of the cell 650 and 650SC of
the cell 650S would be operating on the same frequency with the same

polarization. If a cell radius is designated as “R”, the distance between the hubs of

the cells 650 and 6508 is 4R+/2. This distance may be insufficient to prevent co-
channel interference. The swap of frequency/polarizations for the opposing
sectors helps to overcome the problem of insufficient distance between the hubs.
Using the frequency re-use plan of FIGURE 7, the distance between hubs with
facing sectors operating with the same frequency/polarization is 8R /2, which is
double the distance from the example above. The pattern described above for the
four-by-four rectilinear grid 710 can be repeated horizontally and vertically in
order to provide coverage for an area larger than the grid 710. As shown in
FIGURE 7, a rank and file of cells are repeated to illustrate the idea of horizontal
and vertical repeatability. It is to be understood that the present invention is not
limited to the specific number of cells shown in FIGURE 7 nor to the specific
assignment of cells types or sector arientations. It is contemplated that any
repeatable rectilinear grid using the concepts described above are within the scope

of the patent.

Turmning now to FIGURE 9, a different pattern of cells is depicted, referred
to herein as the “shift and squish” pattern. As can be seen from FIGURE 7, the
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repeatable pattern of the rectilinear grid 710 allows for a sizeable area of dead
space between the cells. The shift and squish pattern 910 eliminates much of that
interstitial dead space. As with the rectilinear grid 710, the shift and squish pattern
910 comprises 16 cells of two each of eight cell types. The lower two rows of
cells in the shift and squish pattern 910, similar to the lower two ranks of cells in
the rectilinear grid pattern 710, are composed of one each of the eight cell types
shown in FIGURE 6B. Also, the two upper rows of cells in the shift and squish
pattern 910 are composed of another set of one each of the same eight cell types as
the lower two rows, similar to the upper two ranks of cells in the rectilinear grid
pattern 710 being composed of another set of one each of the same eight cell types
as the lower two ranks. However, unlike the rectilinear grid 710, the upper to
rows of cells of the shift and squish pattern 910 are not arranged in the same
relative orientation as the lower two rows of cells within the shift and squish
pattern 910. For example, the cells 901 through 904 are arranged in the order,
from left to right, 901/902/903/904 while the corresponding cells 901S through
9048 are arranged, left to right, 904S/901S/902S/903S. The same relationship
holds for the cells in the other two rows of the grid 910. Additionally, the
frequency/polarization assignments of the two pairs of opposing sectors for the

cells of a corresponding cell type are swapped.

The shift and squish pattern 910 is repeatable as shown in FIGURE 9. The
16 cells in the pattern are arranged so that no one cell is tangentially adjacent, in
any direction, to two cells of the same cell type. This relationship holds true as the
pattern is repeated as shown in FIGURE 9.

The spacing between hubs of cells having facing sectors operating with the
same frequency/polarization in the shift and squish pattern 910, such as cells 901
and 911, is approximately 10R, which is approximately 88% of the distance

between hubs with facing sectors operating with the same frequency/polarization
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in the rectilinear grid 710. The distance between the hubs of cells 901 and 911

should be sufficient to prevent co-channel interference.

With reference now to FIGURE 10, a section of another multi-cell
frequency re-use pattern is depicted. The 16-cell four-by-four rectilinear grid
1010 is comprised of the four two-by-two groups, 1001 through 1004. The 16-cell
grid 1010 is repeatable vertically and horizontally, referenced to the orientation of |
FIGURE 10, so as to be able to cover an area that is larger than the area covered
by one instance of the grid 1010. The cells in the grid 1010, similar to the cells in
the grid 710 of FIGURE 7, are arranged so that each cell occupies a unique rank
and file position and so that rank aﬁd file adjacent cells are tangent but diagonally

adjacent cells are not tangent.

FIGURE 11A depicts the set 1100 of the eight available frequency channels
used for a communication system with two polarizations available per frequency
channel, similar to the set of frequencies 600 in FIGURE 6A. Of the 16
frequency/polarization degrees of freedom in the set 1100, the set 1103 of eight
frequency/polarization degrees of freedom and the set 1104 of the eight other
frequency/polarization degrees of freedom are depicted. The set 1103 of degrees
of freedom are used in the frequency re-use pattern of FIGURE 10. The set 1104
of degrees of freedom are not necessary to populate the cells of the frequency re-
use pattern of FIGURE 10 and are held in reserve for possible late use, as

described below.

FIGURE 11B shows eight cell types used in the frequency re-use pattern
rectilinear grid 1010 of FIGURE 10. As shown in FIGURE 11B, each sector of a
particular cell of each of the eight cell types operates with unique
frequency/polarization assignment relative to the other sectors of that cell. For
each cell type, a pair of adjacent sectors operate with a first polarization and the
other pair of adjacent sectors operate with a second polarization of the two

available polarizations. Taking cell 1110 as an example, each sector 1110A
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through 1110D operates at a different frequency/polarization each from the other.
With four frequencies and two polarizations per frequency available as shown in
FIGURE 11A, there are eight degrees of freedom available. With the limitations
to be discussed below, eight different cell types are used to populate the rectilinear

grid 1010.

Referring now to FIGURE 12, the 4-cell group 1003, located in the lower
left-hand quadrant of the rectilinear grid 1010 in FIGURE 10 is depicted. Each
one of the four cells in the cell group 1003 is a unique one of the eight cell types
discussed above and shown in FIGURE 11B. Additionally, facing sectors for each
cell in the 4-cell group 1003 are of the same frequency/polarization, regardless of
whether the cell is rank and file adjacent or diagonally adjacent. For example, as
shown in FIGURE 12, the center-facing sectors for all four cells, 1110D, 1120C,
1150B, and 1160A, are all of the same frequency/polarization assignment.
Additionally, the sector 1110C of the cell 1110 and the sector 1150A of the cell
1150 are facing and have the same frequency/polarization assignment. The same
holds for the following sectors: 1150D and 1160C, 1160B and 1120D, and 1110B
and 1120A. Furthermore, the opposing sectors of the diagonally adjacent cells in
the 4-cell group 1003 have the same frequency/polarization assignment: the
sectors 1150C and 1120B and the sectors 1110A and 1160D. These
frequency/polarization assignments allow for repeatability of the pattern of
rectilinear grid 1010, as seen in FIGURE 10, while minimizing co-channel and

adjacent channel interference.

Referring back to FIGURE 10, and with attention now to the cell group
1004, each one of the four cells in the cell group 1004 is a unique one of the eight
cell types discussed above and shown in FIGURE 11B. Additionally, each of the
cells in the cell group 1004 is of a different cell type from the cell types used in the
cell group 1003. In other words, of the eight cell types depicted in FIGURE 11B,
four of those cell types are used in the cell group 1003 and the other four of those
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cell types are used in the cell group 1004. The orientation of the cells in the cell
group 1004 is similar to the orientation of the cells in the cell group 1003 as
discussed above: facing sectors for each cell in the 4-cell group 1004 are of the
same frequency/polarization, regardless of whether the cell is rank and file

adjacent or diagonally adjacent.

Having discussed the orientation and arrangement of the cells in the four
cell groups, it should be noted that there is a relationship between the cells in the
cell groups 1003 and 1002 as well as a relationship between the cells in the cell
groups 1004 and 1001. Referring to the cell groups 1003 and 1002 in FIGURE
10, it can be seen that the same four cell types appear in each of the cell groups
and that the arrangement of the cells and the orientation of the sectors within the
cells in each of the cell groups is the same, i.e., the cell 1150 in the cell group
1003 is the same cell type as the cell 1150s in the cell group 1002. Likewise, the

cells in the cell groups 1004 and 1001 are related in the same manner.

The rectilinear grid 1010 can be repeated horizontally and vertically similar
to the repeatability of the rectilinear grid 710. Note that all of the inward-facing
sectors of any two-by-two grid of four cells within the repeated pattern have the
same frequency/polarization assignments. Such an arrangement allows for the

synchronization of those inward-facing sectors as described more fully above.

The distance between any two facing sectors with the same
frequency/polarization assignment that are not adjacent facing sectors is 6RA2.
This distance should be sufficient to prevent co-channel interference between the
non-adjacent facing sectors with the same frequency/polarization assignment. If
there is co-channel interference, the two groups of four cells that have the
interfering non-adjacent facing sectors can also be synchronized to avoid the co-

channel problem.

With reference directed towards FIGURE 13, a rectilinear grid 13 10 is
shown which is similar to the rectilinear grid 1010 of FIGURE 10. However, the
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grid 1310 includes sector overlays for those sectors, herein referred to as
incumbent sectors, for which the capacity of the system is insufficient to support
the user demands in those sectors. The added sector overlays are indicative of an
added antenna and corresponding circuitry at the hub of the cell in which the
overlay lies, as is known in the art. The added sector overlay typically is not a
simple replacement for the incumbent sector. The added overlay operates at a
different frequency than the incumbent sector but with the same polarization. This
configuration allows for the sharing of protection, or redundant, equipment
between the incumbent and overlay sectors. The size of the overlay sectors is
typically equal to or less than the size of the incumbent sector. As shown in
FIGURE 13, the overlay sectors are 45° sectors, but the present inventive system
and method is not limited to 45° sectors. Additionally, FIGURE 13 shows the
overlay sectors 1390 added to one of each of the sectors of the four cells 1 through
4, which is merely an exemplary use of overlay sectors. The present inventive
system and method is not limited to adding an overlay sector to groups of four
facing sectors and it contemplates adding fewer or more overlay sectors as
required by user demand. Adding overlay sectors to each of four facing sectors of
four adjacent cells enables the four added overlay sectors to be synchronized in a
manner similar to the synchronization of the underlying four incumbent sectors.

Naturally, less than four overlay sectors can be added and synchronized as well.

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,

compositions of matter, means, methods, or steps, presently existing or later to be
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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 scopé'such processes, machines, manufacture, compositions

of matter, means, methods, or steps.
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WHAT IS CLAIMED IS:

1. A repeatable pattern of frequency reuse in a wireless communication

system comprising:
sixteen substantially circular cells of approximately the same radius arranged in a
four-by-four grid such that no two cells substantially overlap and where each cell is
substantially tangent with its adjacent rank and file neighbors, wherein each cell includes
a hub with four antennas wherein each antenna services a separate one of four
substantially non-overlapping ninety degres sectors and is capable of communicating on
each of eight frequencies and on either of two polarizations per frequency, whereby for
each hub one set of opposing ninety degree sectors communicate on a one of said eight
frequencies at a one of said polarizations and the other set of opposing ninety degree
sectors communicate on a different one of said eight frequencies at the other of said
polarizations;
eight cell types wherein each cell type communicates over a unique combination
of frequencies;
a first and a second group of four cells, each group comprising a two-by-two grid
of cells such that,
said first group of four cells comprising four different cell types of
said eight cell types, said cells arranged so that facing sectors of rank and
file adjacent cells are of a different polarity, and

said second group of four cells comprising the remaining four
different cell types, said cells arranged so that facing sectors of rank

and file adjacent cells are of a different polarity;



WO 02/47411 PCT/US01/47153
33

a third and a fourth group of four cells, each group comprising a two-by-two grid
of cells such that,
said third group of four cells comprising the same four cell types as said first
group wherein the frequency and polarization assignments are
interchanged between the pairs of opposing sectors for each cell, said four
cells arranged identically to the cells in said first group, and
said fourth group of four cells comprising the same four cell types as said second
group wherein the frequency and polarization assignments are
interchanged between the pairs of opposing sectors for each cell, said four
cells arranged identically to the cells in said second group;
wherein said four groups of cells are arranged in said four-by-four grid so that
said first and third group of cells are not rank and file adjacent and so that facing cells
between rank and file adjacent groups are of different frequencies.
2. The pattern of Claim 1 wherein said polarizations are mutually orthogonal.
3. The pattern of Claim 1 wherein the communication system is a time
division duplex system.
4. The pattern of Claim 3 wherein the communication system is an adaptive

time division duplex system.

5. The pattern of Claim 4 wherein said eight frequencies are in the millimeter
frequency range.
6. The pattern of Claim 5 wherein said eight frequencies are each in the

range of 10-60 GHz.

1. The pattern of Claim 1 wherein the cells are not synchronized.
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8. The pattern of Claim 7 wherein the sectors within the cells are not
synchronized.
0. The pattern of Claim 1 wherein said sixteen cells are generally circular,

are of approximately the same radius, and are arranged in a four-by-four square grid such
that the distance between the centers of any two horizontally and any two vertically
adjacent cells is approximately twice a cell radius.

10. A horizontally and vertically repeatable pattern of cells in a multi-cell
pattern of cells forming a rectilinear grid in a communication system wherein each cell is
divided into four ninety degree sectors with at least one antenna per sectorvwhereby each
antenna is capable of operating in one of two polarization modes for each communication
frequency, the improvement wherein each cell uses two frequencies and adjacent sectors
of each cell alternate in frequency and polarization.

11.  The pattern of Claim 10 wherein said polarizations are mutually
orthogonall.

12.  The pattern of Claim 11 wherein diagonally alternate cells with the grid
are rotated ninety degrees relative to each other.

13. The pattern of Claim 12 wherein the number of frequencies is eight.

14.  The pattern of Claim 13 wherein each cell is one of eight cell types
whereby each cell type uses a unique combination of frequencies and polarizations.

15.  The pattern of Claim 14 wherein each cell type is repeated once within the
pattern.

16.  The pattern of Claim 15 wherein the communication system is a time

division duplex system.
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17.  The pattern of Claim 16 wherein the communication system is an adaptive
time division duplex system.

18.  The pattern of Claim 17 wherein said eight frequencies are in the
millimeter frequency range.

19.  The pattern of Claim 18 wherein said eight frequencies are each in the
range of 10-60 GHz.

20. = In a horizontally and vertically repeatable pattern of cells in a multi-cell
pattern of cells forming a rectilinear grid in a communication system wherein eéch cell is
divided into four ninety degree sectors with at least one antenna per sector wl.lereby each
antenna is capable of operating in one of two polarization modes for each communication
frequency, the method of reducing co-channel interference comprising the steps of:

(a) alternating adjacent sectors of each cell in frequency and polarization; and

(b) orienting at least one pair of alternate diagonal cells within the grid ninety
degrees relative to each other.

21.  The method of Claim 20 wherein adjacent channel interference is reduced.

22.  The pattern of Claim 20 wherein said polarizations are mutually
orthogonal.

| 23.  The method of Claim 22 wherein the number of frequencies is eight.

24,  The method of Claim 23 wherein each cell is one of eight cell types
whereby each cell type uses a unique combination of frequencies and polarizations.

25.  The method of Claim 24 wherein each cell type is repeated once within

the pattern.
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26.  The pattern of Claim 22 wherein the communication system is a time
division duplex system.
27.  The pattern of Claim 26 wherein the communication system is an adaptive

time division duplex system.
- 28.  The pattern of Claim 27 wherein said eight frequencies are in the
millimeter frequency range.

29.  The pattern of Claim 28 wherein said eight frequencies are each in the
range of 10-60 GHz.

30.  In apattern of sixteen cells arranged in a four-by-four grid in a multi-cell
pattern of cells forming a rectilinear grid in a communication system wherein each cell is
divided into four ninety degree sectors with at least one antenna per sector whereby each
antenna is capable of operating in one of two polarization modes for each of eight
communication frequencies whereby for each hub one set of opposing ninety degree
sectors communicate on a one of said eight frequencies at a one polarization and the other
set of opposing ninety degree sectors communicate on a different one of said eight
frequencies at the other polarization, the method of reducing co-channel interference
comprising the steps of:

(a) dividing the sixteen cells into four groups of four cells whereby each
group comprises a two-by-two grid of cells;

(b) providing eight cell types wherein each cell type communicates over a

unique combination of frequencies;-
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(c)  providing a first group of four cells comprising four different cell types of
said eight cell types, said cells arranged so that facing sectors of rank and file adjacent
* cells are of a different polarity;

(d)  providing a second group of four cells comprising the remaining four
different cell types, said cells arranged so that facing sectors of rank and file adjacent
cells are of a different polarity;

(e) repeating said first and second group of cells diagonally within said
sixteen cell pattern;

® rotating the frequency and polarization assignments in the sectors of each
cell of the repeated first and second group of cells by ninety degrees relative to the

frequency and polarization assignments in the sectors of the first and second group of

cells.
31.  The method of Claim 30 wherein adjacent channel interference is reduced.
32.  Thepattern of Claim 30 wherein said polarizations are mutually
orthogonal.

33.  The pattern of Claim 32 wherein the communication system is a time
division dupléx system.

34. The pattern of Claim 33 wherein the communication system is an adaptive
time division duplex system.

35.  The pattern of Claim 34 wherein said eight frequencies are in the

millimeter frequency range.

36.  The pattern of Claim 35 wherein said eight frequencies are each in the

range of 10-60 GHz.
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37. A pattern of frequency reuse in a wireless communication system
including sixt'een substantially circular cells of approximately the same radius arranged in
a repeatable four-by-four grid forming a parallelogram so that the edge of any one cell is
tangent to the edge of six other cells, wherein each cell includes a hub with four antennas
wherein each antenna services a separate one of four substantially non-overlapping ninety
degree sectors and is capable of communicating on each of eight frequencies and on
either of two polarizations per frequency, whereby for each hub one set of opposing
ninety degree sectors communicate on a one of said eight frequencies at a one
polarization and the other set of opposing ninety degree sectors communicate on a
different one of said eight frequencies at the other polarization, said pattern comprising:

eight cell types wherein each cell type communicates over a unique combination
of frequencies;

a first group of four cells comprising four different cell types of
said eight cell types, said cells arranged so that the centers of each cell are
collinear and the edges of adjacent cells are tangent, whereby facing
sectors of adjacent cells are of a different polarity;

a second group of four cells comprising the remaining four
different cell types, said cells arranged so that the centers of each
cell are collinear and the edges of adjacent cells are tangent,
whereby facing sectors of adjacent cells are of a different polarity,
and whereby said first and second groups of cells are arranged so
that each cell of each group is adjacent to and tangent to at least one

cell of the other group of cells;



WO 02/47411

38.
in shape.
39.

vertically.

PCT/US01/47153
39

a third group of four cells comprising the same four cell types as
said first group wherein the frequency and polarization assignments are
exchanged between the pairs of opposing sectors for each cell, said four
cells arranged so that the centers of each cell are collinear and the edges of
adjacent cells are tangent, and whereby said second and third groups of
cells are arranged so that each cell of each group is adjacent to and tangent
to at least one cell of the other group, and whereby no cell adjacent to a
cell in the third group is also adjacent to a cell in the first group with a
corresponding combination of frequencies as said cell in the third group;

a fourth group of four cells comprising the same four cell types as
said second group wherein the frequency and polarization assignments are
exchanged between the pairs of opposing sectors for each cell, said four
cells arranged so that the centers of each cell are collinear and the edges of
adjacent cells are tangent, and whereby said third and fourth groups of
cells are arranged so that each cell of each group is adjacent to and tangent
to at least one cell of the other group, and whereby no cell adjacent to a
cell in the fourth group-is also.adjacent to a cell in the second group with a
corresponding combination of frequencies as said cell in the fourth group.

The pattern of Claim 37 wherein said sixteen cells are generally hexagonal

The pattern of Claim 37 wherein said pattern is repeated horizontally and
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40.  The pattern of Claim 37 wherein said polarizations are mutually
orthogonal.

41.  The pattern of Claim 40 wherein the communication system is a time
division duplex system.

42.  The pattem of Claim 41 wherein the communication system is an adaptive
time division duplex system.

43.  The pattern of Claim 42 wherein said eight frequencies are in the
millimeter frequency range. |

44.  The pattem of Claim 43 wherein said eight frequencies are each in the
range of 10-60 GHz.

45.  The pattern of Claim 44 wherein the cells are not synchronized.

46. The pattern of Claim 45 wherein the sectors within the cells are not

synchronized.
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47. A pattern of frequency reuse in a wireless communication system
including sixteen cells arranged in a four—By-four grid including four sub-clusters
arranged in a two-by-two grid of four cells, wherein each cell includes a hub with four
antennas in which each antenna services a separate one of four substantially non-
overlapping ninety degree sectors and is capable of communicating on each of eight
frequencies and on either of two polarizations per frequency, wherein for each hub each
sector communicates on a different frequency in which two adjacent sectors
communicate at a one polarization and the other two adjacent sectors communicate at the
other polarization, said pattern comprising: |

eight cell types wherein each cell type communicates over a unique combination
of frequencies whereby the eight cell types are comprised of four frequencies at said one
polarity and~ four frequencies at said other polarity;

a first sub-cluster comprising four different cell types of said eight
cell types, said cells arranged so that facing sectors of adjacent cells
communicate on a same frequency and a same polarization;

a second sub-cluster comprising the remaining four different

cell types, said cells arranged so that facing sectors of adjacent cells

communicate on a same frequency and a same polarization;
a third sub-cluster identical to said first sub-cluster;
a fourth sub-cluster identical to said second sub-cluster;

wherein said sub-clusters are arranged in said four-by-four grid so that said first
and third sub-clusters are not adjacent and so that said facing cells between adjacent sub-

clusters communicate on a same frequency and a same polarization.
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48.  The pattern of Claim 47 wherein said polarizations are mutually
orthogonal.

49.  The pattern of Claim 47 wherein the communication system is a time
division duplex system.

50.  The pattern of Claim 49 wherein the comm1micat1'on system is an adaptive
time division duplex system.

‘ 51.  The pattern of Claim 50 wherein said eight frequencies are in the
millimeter frequency range.

52.  The pattern of Claim 51 wherein said eight frequencies are each in the
range of 10-60 GHz.

: 53.  The pattern of Claim 52 wherein ones of said cells are synchronized.

54.  The pattem of Claim 53 wherein adjacent sectors communicaﬁmg ona
same frequency and a same polarization are synchronized.

55.  The pattem of Claim 54 wherein said adjacent sectors communicate with a
common dynamic asymmetric synchronization.

56.  The pattern of Claim 47 including at least one additional sector
communicating on a frequency and polarization combination of said eight frequencies
and two polarizations that is not used in said pattern, whereby said additional sector is
overlayed on at least one of the sectors in said pattern that has a similar polarization to
the polarization of said additional sector.

57.  The pattemn of Claim 56 wherein said additional sector is a ninety-degree

sector.
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58.  The pattern of Claim 56 wherein said additional sector is a forty-five
degree sector.

59. A method of reducing co-channel interference in a horizontally and
vertically repeatable pattern of cells in a multi-cell pattern of cells forming a rectilinear
grid in a communication system wﬁerein each cell includes a hub with four antennas
wherein each antenna services a separate one of four substantially non-overlapping ninety
degree sectors and is capable of communicating in one of two polarization modes for
each communication frequency used by the communication system, whereby for each
hub one set of opposing ninety degree sectors communicate on a one of said
communication frequencies at a one of said polarizations and thg other set of opposing
ninety degree sectors communicate on a different one of said communication frequencies
at the other of said polarizations, the method comprising the steps of:

(@  providing eight cell types wherein each cell type comprises a unique
combination of said two sets of frequency and polarization;

(b)  providing two sﬁb-clusters of cells each of four cells arranged in a two-by--
two grid wherein a first sub-cluster comprises four cells each of a different cell type of
said eight cell types and wherein a second sub-cluster comprises four cells each of a
different cell type of the remaining four c;ell types;

(c) alternating said two sub-clusters horizontally and vertically within the
multi-cell pattern of cells; and

(d)  orienting each pair of alternate diagonal cells within the multi-cell pattern

of cells ninety degrees relative to each other.
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The method of Claim 59 wherein adjacent channel interference is reduced.

The pattern of Claim 59 wherein said polarizations are mutuélly

The method of Claim 61 wherein the number of frequencies is eight.

The method of Claim 61 wherein the number of frequencies is at least
The method of Claim 63 wherein each cell type is repeated once within

The pattern of Claim 61 wherein the communication system is a time

division duplex system.

66.

The pattern of Claim 65 wherein the communication system is an adaptive

time division duplex system.

67.

The pattern of Claim 66 wherein said eight frequencies are in the

millimeter frequency range.

68.

The pattern of Claim 67 wherein said eight frequencies are each in the

range of 10-60 GHz.
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ZhAFHIBEARG RS ASE AT RERSEE =0 ATH
Frid o R 24 B 63 R A 665 s B AR4R; :
FOUA4 PRI BOLSEHREZ A AN 4 APEE
B, APAHEANEGRAORARSZAXEFEPBILIEER, L
4 AEHENFXEFHEAPESFTSLLE, HAREKIEHD
iy, MM EF=ZfeFapM bR pAGHFFXEFENMA
WEANREF—PNEGES AN PERSFEY, RBEALER
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wlhaArgIERAAGIRELSESF AT EAEFWIATY
A3k o K 2 B 69 90 & 41 469 b R AR 4R,
38. HAZK3ITHEX, EPHE 16 A MADPRBFHNHL.
39. RAER 37 8K, R PHEBXAREPEEFHLEE

40. A ZK 37T HEX, X FPHERAEBIER.
41. RAZRL A0 GERX, ATHRABREEZAEANI R 4.
42. BAZX 41 BX, EPHEBREZEABERLH SN L
%%.
43. BHAEK 42 HEX, A¥HL 8 AREAZTAHELE
M.
44. BA K B3 HEX, X FHiL 8 AMEIHA 10-60 GHz &)
CEA.
45. BRA LR 44 G ¥X, RVHEIRRRAF.
46. RAZK S HBX, ETHEIEAHBERRY.
47. — HAZBREEZATHREREARKX, €FR 4 x4 BWH
eg 16 ADRE, ZFSAHL2 <2 #Bied 4 SEHSIE 4 AFRE,
EAFHEAPRECELE—ANBEAE AANAREHELE, AP HEAXRLERSE 4
AMEALELREEG W REPH—A, mBHALES 8 AHEURE
EREHREABABLLEEE, RIS HANAELE, HFABRRE A
FRHRELEE, AVYHABESBEEE—ARBIALLESRE, @5 &AM
AEEEs—HuGLEBE, HEEX QK
8 AEER, AFHAPRER B —AE—HRFEALE
12, N\ SANEERGETHE ARG AANARERETHE
B — AL 4 A3 EH R
F—ATHRECLSHE S APREERTH 4 ARRAPE £
B, i PRGHINFAEFASXIESSGHREMBHENA
Fl#ie i@ iE, BRA
FIATHRECLAS} A AXRWHIRER, ARIEGH
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7% X Fmae I Ry &@ s EEMFRERARRALLER;
5mAE-ATHERRGE =ATHE
5mMEE A THEARAGEIATHE

AP FHENANAENE 44 #Y, AEHERF—PFF=
AFERERME, ARASATFREIRGHESGIREREREHN
B M4 b id 4z,

48. BAE K 47 GBEX, A PHEABAMEIER.

49. BAZK 47T HBRX, HAPHEBREREANIRIL R4,

50. ALK 49 GBX, AFHRBEBLLZAAAERHF R L
4 %. |

51. RAEEK 50 X, A THE 8 ARFAEXAEEHE
A.

52. BAER S1 X, L ¥k 8 AHEHE 10-60 GHz &
CHEA,

53. RAIZEKS2HEEX, LEVHEENMPERY.

54. BAIEK 53 9BX, AVAREREFARARALERS
HMABERY.

55. RAEK 54 98X, K PAEAAeaH K& A sS4
SR ZCEER

56. RAIEK 47 9B X, QLY AREEK, EAEEX
TAREAGHE S ARMEFRHARALG— A REPpRALAS LEE,
M ER B REZEMERX T E5RERME K GRALA EM
BAHEY—AREL,

57. BAZKS6HEX, A THERMBEA I HE.

58. RAEEK 56 X, A THEMMBE A 45°R K.

59. ABZAATHRALGEMG S IR PEREXGKFFod
BETEISAIEBEXN P, BRAEFRGFTE, APEAIEGLL—
ABA 4 AREGERS, AFPHEARERS 4 ARALRERY
W HERPH—A, RAMNTEBELZ2EEANFANABLERERER
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ARBRUCEXG—ALiEE, AadHELAEFRE, —AHS2RF 0° A K
ELE-ANRBERELPE-ANERALLEBE, A —AA
W BRERELE-ANFREWHEBIEZRE LR - #H4L LB 4Z,
%Ak eEY R

(a) 4 8 MR EY, AP HFAIREERBOLHAEBAIHFE
FRLES G —AE—0d;

(b) REAADETHE, wAEGEADER 2 2 it
7, APE-ANTFTHECEAANMDE, HBAPEYARESAIR
ARG —ARANEER, A BEVTFATHEL]E 4 AMDPE,
BAVRHYHFZIFAAPEERF AR DR ER;

(¢) EESPREINREREXARPHEARKNETHE, 2
& .
(d) BHAEZIPRPEBXAGFNIHEGNAL DRt %K
% 90°, |

60. A EK 59 6575 %, R PAAFIEE TN EK.

61. RAZKIIGH&k, LAPAMERABEER.

62. MARK61695%, A VHmEHNS.

63. BAEK61M5% HAPHEHZEVHS.

64. RAZR 63 Ak, ATHEMEEBERERXNESL
— K.

65. RAIZK61 IBX, AVHEBREZLEANS N L 2%,

66. RAIZRK 65 X, ATHERBEZAHIALERNF AL
A%,

67. RAXK 66 KX, LV AME 8 AFHELEXRTMELE
A.

68. RAIZR 67 X, X FA#L 8 A EHYE 10-60GHz 5
CHEA.



01822220. X W BB B #1/21R

ALBREEZATATERRAL
PERXVTAERAG RRI7 %

mELPiF |

A9EFTE: FAAH BTAFERABERBLHREHF
ECHERAT. XRAHIENERSATIHAT 09/434,707, HAHA
“BEADEENHRAOSEANSIAZEAERG LR KR,
LR ZGEBETAYHA T 09/604,437, AAKAA ‘AT TDD
BHRERACHERLET. 2R LGLBETHYRAFT
09/607,456, XLt R PHEARLELSEALE. AT APHFESHFA
A BREBLEZEATATRARATHFTARSG LG PTEH "N
Fl % ik 64 £ B+ F) ¥ 3 Fl B P 7.

B AR AR

AERFRBELZGERFTE, AETFRA—HBLRAFTAHAPE
BAE XKLL S ERRRAGT LG ZEPF &,

LR X: &8

EREBBAABZHEARVBEEIALEHRBR LOZETFHEALALE
Z. B, BRERERSRLEACEALARTREASLALEZEL N
BEAAROAREBIAGNETERA. A2 SEIKEZEHATHEA
AEBRBEGCASARPRBERSGT 4. 2332258 FHRF 2
ATEE (AHARAZERE. TE XAPFEEG) HEAELAER
EMAR. XEFREAFTEZEAGEGEANAYT EME. Hld, AT
EE&TE5 LANMAERAH LAN L PC A XA 55 5 5 2448
ARAERE. FATEREAIALEEE M HEHELEEEA
2. BEBSEAG%T, FABRETENS—ARZELEREMAX
MEANATREN RS MGEE. FLABEREAEXHAPEKELX
RETERE., FEAB RGBT I RPN THEMAFZ FREEKHEES
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WH KR —BERANS —TFTRE HBEAHAEINEETF, X5 —
EABEE.

LR EER%, whALBLAL LR ZILGEAA AT TDD
ORERR " HEAPFPAFGEF S EELL%, OS5 SAARAKE
BELABELBREELEER., B, BBRELBTHACMNERH
BEEZR, BBRBER#EXNIAKZHERE——3 30 X 90 EHK. #
s, REEFXAETHARS AL CHARB S A EBEEE.

FABRRERACEGHRFARERAHBERAMLANGEZEER, WRE
IINBEALEESS TR, ZILEEEFARAGIGAIREEATAR
2K, FAINB#EHAELZZAEALETH. BR, IEEFZHEFRH
BAREKEHNSLZEHNTREOELLA, K, REFEALY, &
Z2ERI, SHSLEZLOONEMFEHRTHRARKLEZETARL
TRRBEGZERARARG TN, FNEELLEE TR,

Blin, BIERNEEZ2LNBBELFTRETEAHRG, WAL
ABZREGHERE, AL, ETRELBATOERNANLESR
AENEELETH HTML RENAFTEEZXR G THAESLTE, oA
Pt 5% HIML REBRAGNEFHRESEXAEFE. 74,
FEoRLEGHSBERAGTEERTRAR Ao, B4R, B
MANBEFTERREHE, L&Ak LY. B, 53
252G TEAHDEFTESE (DBA) BARE 4. TRHL
FALAGBEESLETRK.

APAE

B, AXAG— A BHRARELERNLZBAH TR, EEH 2
RGBS EYE, RE—HELEEIAZLEZANTRERKXG A% H
F k.

AXPRHFZ—BNRARB—FHATRAITHESBRFENEZGH
F k.

AXPHHF—BHRRB—FATRITELBEENALAY
BREIAXCHFSOHERPEAFRA, A EINZ S 248G TERLY
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%% k.

ALXRG R —BOAAEENSLA4APRBE—FATEAREA
RER G &G FoH k.

ALZPH S —BHARE-—FAZIAABAELEATALAUG LA
fowik, BHBELEAHFLAEINELAEREFESSRFENAT A
HEXRE.

AXPHF —BNRALKBRER2ATRE—FAREFAL
E.

ALXPRG S —BHREAHARERAERERRALY 444 BT
4 16 N EHMBRUALBE24FTRE—FHTETLHREFAR
X..

AEXRAR —BHRAEGAESE 4 PEWH 4 ATHEN 16 A0
EHARGELZBELAETRE—FTELORFRFALEKX, LFuak
X¥resxt@BaRERY.

AZRHE—BHRAIHE2FARXITB —F B E /3
AR4AR4Z B T 6 7 k.

BRI T—FEINEEEZANEEARFTETERALAHGX
Eh B, HERPEAAS AIHEINLLZRCL54M54F
ABLELEHEELBEMENGBEEIRAS AN TEE. 238 %5%
GhAA ARERN SRR, ¥HH, HLREXHS, RAAELFE
Mo Ahzd, mBELRBASARREEEMNMELZRRGTREA
2. BEAHAFENIABERL, 3 IEAAAATEMEL
ZERRAFEWALESR. B9, KA LTHAFBAIZR —FFEGH
S8 L (TDD) 7 ERFAEEARN S AKX HABEREX. £t TDD
ZEP, FABEAREBIXTHEEAELTRE, NABKEXT
MFEREBREL. sbIf, SRS ZANELABARBELARPEK
BXZATHEFEFTEAZRESHFBEEZHEX. ARRKLNGHR
LARBGTFRELRLIETHRE.

E AMFERZORAERGAETFRAR A EGFAA,
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Bhkd, WTELBRLBEROALGARELBSARARS R
RS ELE BHRHEXBIAZLBEERZANFA, #ldp, KA LHE
PIAERBRTHAEZHFAAEAI0F 0 EZRGHAR KL, XEXL
i TFTRAELENENMBARERELZ. TRERSNH AL A S
B EHEEREERRAFRIRBASTENGFEA, HAXLEFH S5
AN TREERASELAXELE. B, FTEHRERLTH kAT
ERARELBREH T EHLETIR.

FEARARFZETATRAIELBHNELBZ LA TR, #ld, @
AFAsEMENELBEANAEZR, TEREL 1 GHAKE. b
sh, BRARNEZEAMNBLR, ELGLLHFAA TDD H %
FRHETAPEPTFEANE, ARATEHEREY, TZALSHY
1518 7 M MR,

Ry, AHAGERRELEGUN T AR EGHANBRAEHKRTE
TR, XEAPE-ANEHHAPRBIARFTEXRZEAAHPBUEXZE
AEANABHFH. AXPH - ANZRAR T EMREXBSBRE T
AEEHDZEAFTRESER, ANAHILELAZGAARREIHMER
AitasRRyBisRFE. FEAERFHELR, ALELRR
AREFOARREGARELS. ABIAZEHTF, BIRARPH
W REREFERHARERBEZTFENRATES, RAHAPBKE
AZ SRR RE. Fl, YBXKFANY 6R, FRAREH 9,
AA30EBK, 45 2LZ IR, KPP RAEL 100 &F, XBHLL
ZHRPHEEE TN 5%, AAEFAHFHETHRXIES LHE4435.
K, WTAXMRAITAFELEGTGAE, BRURAIEEXRASE
#. A, EAZEFAT, RPHAR EHLEEZT E65.5%. I},
EEARAERBTEAEGHATRKXIBIK, BAN THEAHERS
REHZ, NEFTESHRLSRY. A AEERATRALTRTER
0 E .

EEAENEGHF—FRPAY, BET—HREFFALEX, L F4
R—#HTEIGIERXAZHFERASA TR0, EXLMERER
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PHEEFHABRACEBXTH. EHRERFARXETATRAEES
AANREHREIABELEAGEEIREHINAA. ATAHAHZTH
EEBBEALSELE, ARV FAXETARFGIERAABLT
b, ABELARA—RBEAGHEELAMSIEEZRERFH (XH
FHRELAGBHOHER LAY DBAEETFRA”) , ABLABAR R
BiLAAE. HERARGANMPEZRERTFIL (XHFFHRELHRY
BALEMAEA SKEFR) .

AR EBEAXTHIEBREAALAR B AR —FE2H/ALE
M REEARBMRFE, BHIBEGTEIBRIXGHBRTRAAALZFE
YO EEZ, BR, XAHAERL, FaARRES —HHEEL LR
HIR, ERAEEHFTREYERG. KM, REMBGR, AANH
2P 2 ARBERTEAHERL, AATEATRAERE, Lb A
FERIABI TR, ABERARE HBHFE. PEABERE. PEAR
FRUFFH, TEALFYRERARAELK. ZALXLXANTaHAHA
AWl hERALAIEEHRGERALTEIEX, EXHBHL
FEAAZNELAGRE.

STRBEEAALALHAGRBAERARHBYIRE XK, ESIERE
APEXEPEG—FHNFTXTAEESTH,, X FER—FTHFE—7F]
HMAGEAPRERGAGE—ASEY. EXFHPHNFXF, EHAL
tAFGIREREW. EHZ—FHEPEHAFTXY, ZEIAFTHIEK
56 AMEIRYEY. pREBPEHERLAXHY, WXHFE
XEEAAAKLEHK.

AXPAARRZBARZNTEAA 90° B EGIREH, BFL
RBAZGOAXRAERARERR S M HEREPHARL. AT
SHRAEAFAENRAVFATESRAIAETERE, EXHSIR T
( TDD”) 24F N ° B EAAIEHHE/MAERSEE
K. #lde, AKRH, s 28 GHz HHFABMGHFTELSERHA 2 x112
MHz % 224 MHz, %> 42 GHz 38 % R 500 MHz. X% 4 &b
£EFAEBAZZARART 200 MHz 93 % 5 F. ML
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6 HATIZERAE S 28 MHz, mfEdb (%4 25 MHz, X EZHERAL M
L HEGBFRRFTES RN SAXRE S TRAREAGA LK,

FRN° BERARKKIBERYT, #60°, 45°F 30° 5 KX,
BAXERE, 2 90 BERTAASINFHMAGEFLEABEAEE
RAGAAZHRARNEAE. Hl, TREARKEAR RF HiAH L4
. VREARHBRINOEZE SR EFNELB/NEREELER
B, REAEEFIIREXGREAAARLEETHGTRE,

REW BREBEAENSE, 20 BEFELAELHNER
B, — AR EIIEEGRARK. OTRA 90 KK, 48k
RIRTHAR, EE2RIVER, AEEHEVALEBLELE. K40
BAMEEE, LEREAHERTLY. B, BERAH—AETXHA
HWRETR, WEHAELFREREGK T ERNEAY G ET
EPHREEREGRAKE, B 90° 5 K EkE B WM T4 EIK.
mB, BREETHREELNG RF B2, LEZAOTHEE LA
FE0E L.

HNHLEMEBMERBERATERALXPAR ISR KL EAE 25
WHEBTASALX PG AL, I ERBELALVGEECHESK
E, BEMRTEAEVOBRAEL SO EIE. AHABGEAARER
R, EAAFHBEAPRH T LA TRE D BHESEIEITA
TERAXAVGAR B RLEHGER. KAABRHBERATZER
Eirg, AR2FRLEMHARBEERBRAZRKETHREGEALAY
HAAEE. BAREAREBLAL TOOHE TEFREREAIZLR
KRHENHRABE, LAALHLEOERREFEEY, AELE
Aegftbs. R, ZEHNERGR, FARERBERATTES
HWEBG, MBFRAARAEL P eGRE 0T L.

B 59

ARTERBEBALXPUARALESE, REABRZRBALXTHY
Fik, 3

BIMATARERZEHTHING L5 S 5 42%F4);
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B2ARLTHIAFAHLASSAANTERARERE;

B 2B 2T TH2A FH—AIE, EABHRREAXREH
7 F X;

B3 FETHZEEK, AEARELBIAFEZBEARANG SA TR
& W X5

B 4A-4D ¥ FTETHEREELBARGRAEMXEG— 25 RX
o TX ¥ 65 8 A B;

B S F&ET7 QAM AT HALEERREAGTFTHHRSES
% %,

BH6A FETHARECEALABARLAATRELRANG —4
R SR

Bl 6B TETHMAMAAE 6A FiTHAERFAHMRALG—4A 8
AMERLEANSABFH IR ELY;

B7FETA A EEMBFH 16 AT EGTEERX, X T
FAPESH 4 A0 KK, 15K IHELAMRARAGAR
R ERC I

B8 F*ETHABEBTHI6ANESNTEIRIG—AN 4 K4
A

B FTETENARTAWAKEG 444 M F65 16 PETEILAR
X, BEFPHAPESH 44 90° BE, i /hRIELELEARRAR
e MBI R EZE L;

B10 c&ETH 7THTELEX, AV asrErHAemRmE
FEFBAE-AFTOREANERBEREZIAL SRR T,

B 11A FETAEAHE 6A MiITHHFRMELEAB/AARALYG -4 8
AEELE, BFAEAR 10 ZRXTRAGRELEAPRAERARER
HagHE 10 058X P kA eGR4 :E piAL;

H11B+*ETHALAE 11A it HRELEFARMYG —
M4 ARELEAN 8 AE—HIREEN, ATH 10 R EFARE
X |
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B 12 7ETAREHE 104 16 PETEIHEXG—4 4 PE4A
&

B 13 cETAEARMRECERERERGTELRX AKX
A4ARAPHEEEX

AR EHEF X

B 1 7ET7T—#ERALPGTHREINSEEL. ZHEAGHK
HABELHURE, HTEOFETSALLE (105, 106. 107,
108) # ik, RERBALPVETEARERRATH FERINAHE.
BREBOR, BRAALANBRERNEETALAIGFHE, ERERAL
KA BHERLZRAEIREMAHE.

£ X2 105. 106. 107 F 108 A K 101. 102. 103 # 104 $#
#“EZ. EDE 101, 102, 103 F= 104 ¥4 3FFT 3 A F &
(109-119) . 59, &R R E% (120-131) 423 5 & A Fik &40
. RHBROHR, SHZSEZEHTERZLTELBERELZL44 LAN
Mk, HALE, SHZLZANTRETEFPRNLEE. #
o, FRETE PRGN ATM X#ENERE. TREMFEGRZ, EALAX
PBHEALTOLHEERENELE. PMEREATERSLE. HRALKRLH
BREE, L4 AR APIREE L FHIE LR,

A2A TETHI1HTHLAF L2 THMBRERREE. 5@
e, ZEAAENI>AEIPE 101, 102. 103 F 104 M EXHEEZ K.
w, KFHeg K 101, 102, 103 A& 104 #BERELA 90 ° 5 K
(101A-101D. 102A-102D. 103A-103D L & 104A-104D) , K&
BAZBELTRIEECHRRERY. A H 2B HYELE 105 &4,
ELXE 105. 106. 107 F» 108 B HRE R LEE HE X SR
5. BRXZ 202A-202D THARATHEABEH S IXEPL L. #
ArE, BEXRATHASAFERREAEALAGBRERELZ. £t
BREY, AEIALAGLLBEXEA T TRAINNELETER
101D. 102C. 103B & 104A XM AR XL LEZGHAE T &

2
2.
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HELEINSEZLZENHFEIARBRR A DS AEZRE. XXAT
BRAFEERNYFE, M5, HHEE, HBREE, ARAERXE
friE, XBEEEHNIABEHES. S RERAREASLSI S
ZGHBERENRSRIEEES. ARTHELEY, AFELLXHA, RF
i2% 302-307 AR — i@ bi., REBYE, RS ELTEEF
Pl EHpRiZ TR ERALEELE.

HEHR L LR, BRELERAFTE, EXRAZALESRUH
ZIRBEVRABE. Flde, HHE 104B F» 104C £ A S EN{Z
if_?FFH"i‘L%IX 104A . ASBGEA. Kd, BB THAEXLGH

25, FREGEF, AIRPLETHEALZELS, AR 104B
ﬂ’v 104C #=/2, 104A #= 104D A 3.

BA3TETHMNMAELE 1054 106 ) #6— %7 RF AHEF
(301-306) . £Z B 105 A KK 101D AKX H— &5 L5 & 301 43
# RF BFA T A XM B4 5 (302. 303 304) . B THELZE 1054
AAERE X%, AiL RF 4£5 302, 303 # 304 otk 2@ HEK
101D 43&. RF 455 302 .4-Fi%4& 109 4942 &. RF 49 303 &4
Fi&4& 110 8945 8. RF 55 304 4% 4 111 8942 8. %Mk,
£XE 108 EHE 104A HEH— %5 ko5 f) 308 444645 RF B |
TR BEAESF (305, 306 #72307) . W TFELZ 14 ABK XL,
E#YE5 RF 455 305. 306 #= 307 M@l 5K 104A 4435,
RF {25 305 T &4 -Fi&4& 117 4542 8. RF 45 306 T@%-‘fu%
1184542 8. RF45 307 TALFX& 119894 4.

%/, RF 455 302. 303 # 304 54362 H K 104 657 R3]
#J K 101, 102 # 103. H#, RF 45 302. 303 # 304 £ K
101. 102 # 103 THEEREE TR, EARAELAEHANG IS LA
%¥, TREMNAKAMLERBEGHEHRE, Bl, — KL FH—
ABEHEALAELE. B, FELEBFERL L5 X E RF £5%
302. 303 #= 304 &9 3tE F K.

R, ERFEFTHAKFZELEN, PRELBZNTLHRFE
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5 302, 303 # 304 A AGHAFEALTHEEKEX, WEKRE 105,
106 #+ 107 2 & XEFH. RIFE—AKLLES, FLE 108 3T 5
R 104A # AF£4 8 105 5 A K 101D, £4 X 106 35 K 102C
AREXRE 107 3HK 103B A E4ZE£4. Bk, RF 2%
302. 303 A= 304 TREEAFLE T, XEBMTEMIALLLE 106.
107 #= 108 #9FiR). EFEMHZ, R RF 155 302. 303 & 304 &
ELE 106. 107 # 108 & TR X3 X, % RF 125 302. 303
Fo 304 9T AR, £, WRELXZA RF £5 305.
306 o 307 BliA bt 5 X E S AXNGEEL TEKEX, I RF £
% 305. 306 #= 307 THAZELZE 105. 106 # 107 & & tiE FiK.

%%, BE 101D #= 104A F85Fi& & 4% RF 425 309-314. #
Aigd, IARGHARALERIGTRERAZTEAREK., IHEL
HEHBRSEZZAREBERY RFESETPHUAREGELRR A T
SHBRFERERA, B, XEFRELE24 785 -—REB0RER
L& FHRGTrREMRD., REMGE, HFH E2%LMRE RF £5 302-
207 # RF 455 309-314 R @S MEMEFEeE. Bib, I)pFELR
X7 %% £ TDMA AR HESH RF 2 546964,

AEBPFr kA LAFART SIS L2 AGFZHAER
BILELXBZEAHERLEETFR. 34X HREALVRTAHAET RS
S, BUEFoLTHRY., KB THREINGS,SFTE, THRELFR T M
AERAHEANEE. BIRTEANZE, AEEHSRIFTETH
AFHEAEENBS L IR, &m, IHFEEERAGLERS,
BhEZESHEERAP L LM, 23 H 248K K5 EsTH .
B, AR ZEHSLEMREREAEAGHAZERERT X 55
Bl BRBEMHFTX, KRAWHG RGP FTEERBRAPIL LR A4
A SRR N E Sop 3 P - S Y P

B 4A-4D 4 THELE 105. 106. 107 F= 108 858 K 101D.
102C. 103B #» 104A X SIFBRBG FHHFEH. KASAEZL
ERYAEENR 6 FRELXHEX. £4L 2 105 L4 TX B4 401-
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403, EH5 G4 A TFiEE 109-111 42 8. 48 106 L5 e
FiES& 114 WG TX TX 404. £ 8 107 XHETX 405 H
406, LOAASNBTFFERE 11IS# 116 K428, £LE 108 AHK
% 407-409, Ao O4 A TFi&E 117-119 945 8. mH, £LF
FTHAELBEREENA (LR EXAEX.

FR T EXE 105-108 AEF X E 105-108 MK &) ts 2|81 ) t;
FE S, mB, £42 105-108 A2 t; Bt ¢, FATFREEKR
k. AEXARABHE, KagppkER A2 THRP HE 316. K&K
i 316 SR, AMEEMBEREAMXY RF 5 AT
3 2EATROELEZFAINBUBIZITHBLEBEELE. ASEE
ERSTEBIALRATHRTESHBAXTHAEELEEFR (44
2105/ 108 ZMMEE) . AEESHFAANGAFARERY LE
RE, BARAZEEEGIERTBREENSBERB XA OIRF
7 va) vAiBE %, k18 K.

Er@&sXwiAAl TTD ﬁ%@iﬂ HERPFFLLSTH
XHAREFAANG TR, EEARERAGRE T, ALAR
ERABMNARATHEREEABZHELBNIESLAABBETAMH
JEAZE, TAHARLKEFRENEZAGREREEGHE. 4, BREFS
FEABBEEETAHSKERZE., AXAHBAT, FELFHASTER
HROGFHESFWRAZE, FLARKEREEREGEALELSAAT
L280BK.

 EHA t, FAR 105108 Rl ARABEKEX. tal, F4B
105-108 TAEMNE BN FREBRAHA M ABRAMNARELE L
#6§ RF 125, ABKEXNR, £42 105 55K Fi&4 109-111
BB RX T4 410-412. £4 2106 ATi%4& 114 K RX £X 413.
M, FEXE 107 2RATFEE 115 # 116 K RX X 414 #
415. £E R 108 2 SN TFi&4& 117-119 K RX £ X 416-418. £ 4
£ 105-108 KL R F AA N A t;; £ R EMNHBKBEX.

B, BALHRFEZALARLEESL. G4, MAELZRSBE
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B, BRATHABRIANF/REESEMLETRLOER XL,
ik, ERAFF AP ALESRMLEHEAMNFEEARELER
BEPRABAK. I, MABERAFHAENHAZERHERLENF
VR PEED

EEBGR, AXANBARESEAFAISGEEETREFZ
GRHAFREE S BIRATHABEERMAREEL, AXWHFR
5RRARRELEMEGE P BEUIEREREMLLGIEER
H., #lde, THRAXBETHTFREELFEZREGAHRTE, 24
IAKZHAREERIGBERFTE. AATRERSR KT
HELELZHRAATREER. PREAREAKRY, WA 3k
MABETHRFEF—F0TFE. B, KAWL FAEETHE
KRB REGE Sl it f. A, RIEMNKELER, 2ETiER
BNZEAAGEZAHAXRTHFTEE K.

AREMARZ, AEXRHFFAEZRELXE 105-108 £ #Hneh o 2] I
BRERECNAEZPFBEXIBERER. &Af, FAIFAGRATHEE
ByPHN, AR FErRENSLERK. I, KARFREERAT
BEBRBEMBFTHEATRIER. BEMBER, TERETEEY
FERNSBR., EEAKB/BERKABPANMAEFTET LIRS A%
ZHFik%&. 3%, £ TDM/IDMA 745V, ERE THEANAFEE
TEFAZF/BRKRANBERIBEZRSTOTRAFE. Xy, THRER
B EFPBRTFEETE. FEAETEAEMTEEGHEERRAF T
REREFRE. CTEAIARBANSBERPLXHABEX. #ld, Fi&
£THBM CSMA/CD BAXZERALELE. A%, R4 THAES
AL RAPRATTEET RBEEE,

EREFBHRE, BRELAXVLAMABOLZEALAZFLETEE
ZETHALREFIES, b, FABTRAEREZATHATES
BrBEL. EEABTRAEEACETL. A4, FLBETLHEGSL
EHEZERRNEIERONEGEFEZITAETFRELSELERY. Xk
FATOLHEKE, AHKE, A AHAETX.
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EEBHR, XAPHREEZFPEIAXGgAPBEKEX. #
4o, TDM/TDMA £ # 24 PR IX TERFPAHBEXGZNPFEL
Ak EGEERETLS. AR, XANTAEAELAENSHLMHF
BURBANHEEAFIHE. M, AXPLTATHEIRTAHNPE
KEXOHEHNYEET. A LEOSEOFEEAAN CFEREEE
BEAERGARFTE"HEANTRITRHETALATEAGTHRSD S
TR BREAGRT X, BRE-AKRALHEY, HBETHAKTS RS
A BERBEXGTE, AMAZRHHEFLERNAGRTREERZ
EEAEBLAENELRBR/AALENES%. Bk, AAWEH
— S EERBATRAIT S LAEABLNELAEH A AP BEX GER
L RENER T

TEREZEFFERRBXAMABZIZE. £8 ILEC (FE? A%
XN SHARAXBTATRATER, A, KRXEAEL53 354
24 MEGBERTR, AR ILEC #4£. B, BERFEATH
AEsa 2 s ME At GETEEMBEXGERLEIT R
B, PEFAAREARAREFTHIELERE, T1 BE4%, A4%A
Z25%FF. Ka, SHAARHENCZIAZALRERATHHESEN
E£LAREkH, FL LB bR R, REXEH
SRALATPTHREAST, REAXZREAFTE, BARZZATRAAF
LEizefERENELRE.

BS TETHFREIEATHEGFRAFTOR FER G4
R, EAKXPG— AR EEAF, LB EZEAGAERINTH
B0 S0 MHz {28, RAFEBEFES EEKY 46 MHz 45 iE 3R
2 (QAM) %k 501 8. Hs, £ SOMHz ZEGEPETRELE
T HEREEK 502, HEFEHS 130 kHz, ABEHFFER. £42
kA B HE FSK A Ad@d AR H % 502 HEEZE. E—AM
wEES T, AEHE K S02 €4 100 Kbps 124%, AT 10 "BER
85 10dB C/N, 172 ZB% 5, ARI&T QAM 3 £4 %) 10dB 45X 4
hEk BALHAAIFEVGLE, TAIEFEEZHNRIFEOHAS
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R RERREF/RBRIZEPIEE.

BEMBHRE, FHAEEEK 502 #444ULAT 50 MHz 24
B EIZSEE. R, RHEBOE, FAXREFLEANEHEELRA
THEEA wEALXYATEF LN L A4 T, NERNKHZET
ARBMBERFELEAT ER#E. B, AXRERALAEMEEZERN
(R ERAEAZEEEN. 502. BERERETH ANHA S BEGR
#E L.

Akt Eap P, ARAXNGAFRELS TAECMNEEHT
EEBRFERK. FRETATHFETRESAAHA. AZTHERY
27, FPEEABTETALLERATAES KK 502 BKF
THEALR. &, TEBHETERANLEMEFLBENRIZ
GeE .

FREANZANABKGFEARTOREALZHEL A PEK
BXEHLEHR. BHELZARAELEE AR AZHE S E
AREHRAAZELELE. FASARHANAIEFEH R L AN
ABEAECMEBNTRESBRAAPERTER. SERGE, E4H
ETHEKFEFRFABRTHA. &d, RAEAFRSHTHE,
BACHEAAZRSELEER. TRERGE, AAELEEAE
BRETHAGHEALT, FEASTLSEMNBRPAFEAGEE. #
o, FEAETHEHEBIATAHAPERBRIAGREZKE. X%, £4%
ETH N EZXARE KEGX PR,

Pldo, AEAVHFREHETEALT AR QAL Loy
PEEEX, NdmABZELEH ATDD M/REAREEEM AN ES
H., AEAPGRAZAGFREHNSTEALAANELRBZHLAER
(CPU) #AR:AHE (RAM) L1, BEHETEEILAFAHR
CEMAREXAPHEREANRIARERAMAZYRAT. X4, #
AEHETINTHIAEBEN/RAS I RZELEINMNFEGIK
b, ARKETY, TEEHNBITEZHREREM/REZESEF
EHRELZAAARUAEBIEAME XL L PENGEENEZL. &
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K, Mief/A A s, PAEEAAREOESIFESOETHAE
WEALGBALEE, TATEAAXVAGTEEHE.

AESXE 6A, £4 600 2 HERABRALTAGERZLLEY
S ATHARENEANE, AbHky HE". BEL£4 601 2T
—ARLE, AREELSQLETH—RAEL KARELS 601 F
MELEL 602 HRAMEZEXAE I EMAMERRARALYG XL
ZEGFRTRERD, ZRETEI—F TR, BLTARKEH
£ HF, RESRLEESF, ERAERTEEF X,

BREBHR, RETEGHRMAAT 8 AREPHARAY
MERRAEX, PAXVHZERFTEFFTART SAMARER 2K
., HEEARAFORERABXGRERANERATEALALAY
3G r kO EERABRXGBEREALASARETASAEGHH.

B 6BRELT SAIE, whH 20 T K, AVHEADIKHK
28 4N 0 XA EREENBE. FAPRGELBEVERE
A—AKLK, #lio, B2BHFHELE 105. =B 6B i+ , DR
BEaRE I TFHARMEMILIEER. RAPE 610 A4, 5K 601A #
601D T4 T3 F/# 4k 601A, @ & K 610B f= 610C L4 T 9 F/M 4L
602T. RERETXHHERIEZATIEK 610, 2@y R, X#H
BEERZTERATHEAIE, M BAEANA AR ERETREAD. &
FHEB 6A Fiwt) 8 ARENRERE 2 ARL, BXAL 16 #Hf
—TRBRE/RAELRERER, X “BUWE". ERERAFTET,
AR IEEREETHERIRESE, AEZEIETHRE/RUE K
Bzt SEF KK, P, ARARXKFERARPEIBILKE. H
b, ¥ TFHEERHSRLEZE ( ATDD”) , HENBHZ LI
#EIRABIGHEENSHRREABLGBESFIEARTH RN, &£
#wh 6A Frrtg 16 ABHEGHERK, BAXIABRXFEHIEK
GREREZAYG SEE"RK. FAVUGESGEPFETNERB LA
4 16 A B B ERX,

AR LERTRGEEBREX, E—KEAFAMS 16 REHE
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X16 BHE, MITHRABESAE—H DTEEXE”. BH6B Ta&HA
PNRE#HEZ—AE—HPRER, X8 AR ERE A EH X7 A
B4 LB AAREETFRED, AHNEAR 6A HHE/MAIERY
BERAAKFRRAOBMERREL.

RAE£:ER T, BEZIEREFRARXG—Fg. WENT,
16 1K 4 x4 &AM 710 &1 4 A~ 2x2 48, BF 701-704 k. H£F
B 7 H5dx, 16 DERM 710 AEESRFITQLTELE, UREE
ERBAEKXTEM7I0 - EHIHEZGRER. AW 710 Tt
W PEEFBEANEEEE AR 0EE, RTAR TS
BT LM AIRAERZITT20R, REETHRLEFNGHA I
RAZS 730 A. £ 16 X ALEM 710 F e 5] ) R4 747
P MAGIEED, PESAKL LRSS IR RED. 755 685
ZREEN, RATHEHARBEZEIX T PREGHT]. IHITH
BEHFRREAEAG—H5, BRELR T RERA RS KL A
FR4).

RELAEHRS HLETHTHHELEM 7TIONLETEZRAY 4
SRR 703, EDNEANE 703 POADLRESGEADREERZLE LG
# B 6B TEHSAPRERFHE——A, DK 650 5T
a4 R EYr, B, K 650 50K 610 Fo K 660 A1, K
610. 620. 650 F= 660 Z 4L T K 4 703, A& 5 T AT fe 5| a4R I K
st EGRARAAR. Hlw, PE 650 Y HEK 650B 2 —F#
i, mAETHEDIE 660 TN EAE, BPREK 660A, A5 —#
B (HEE 6A POHmARAL) . BERER 7 ~EB 8, TUEE
2t 4 AR A 701-704, THFARAR R 6 23 @ R 694434 R AR
Fl. X#AEIMMARADIRGST XN EGFRGLEfIRLFZET
ik .

FBAAEER T, HFBRAXZPIE DA 704, PEIA 704 T8
4 A ANEHRELGHEFLEE 6B FEFH S APRER PayE—
—A. B4, PEDA T4 FHEAPNEHIRERERRR TR A
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703 FEAGIREER, BEX, EH 6B M e 8 APREER T,
EPHAAPERERALANE DA 703, MBI 4APRERA LN
K48 704. SE A 704 PR EAEEM T E@tRGIRDMA
703 ¥R &L, B, AR ASIRGSEIREGRATAR.
4, FBLERATFIE 620. 660. 630 F 670, fTAHF K&t &H
NREGRERE, B 7.

tmez2id#ThE 4 APRIAFIRGZAPHANFTX, B
#BE, AVRIAT3FT02 FIRZIAALE.E, RBAPREPA
704 #= 701 PR ZRELAELE. S5B 7T vHSENA 703 Fo
702, TUAEBLABAPR AT ARG 4 APRER, mAE
BEAPRIAFTIRGHF 5 X AR, FEPME DA 703 FOEK 650
5 Kpm 702 FH AR 6508 RABRASGDEEY, Kd, ERGA
Rz RLEBXBTEAMRGRE/RALEER. XA, TR
m 703 FHIEKE 650 kit, ALFLATHREAZ—RE/MILASL,
APEDE 702 IR 650S A EREATHREEAMAG S —HE/
Bibas, T4 703 F 702 FPHHEAPRFEAELEZEXH. LEL
HEZEF—FRAADPENATO2 PHIRLEADENE 703 T8
DR FEged 90°. R, PEDA 704 F 701 FEDR AR

AT DK A4 703/702 # 704/701 Z ARG F e RERE
Fl—hRERBGIRGHXZ MG EEFRRD. X, #Hlde, K
6508 50K 650 AR —F @, MK 650 93t @m K 650A Feh K
650S i m X 650SC ¥ LA RLAMARALGHEAREELE., PRIE
FBEREAH R>, HIPE 650 #» 650S HEXBZIMEGEZH
4Rz, BEAFEBRAAGLELETFHR. ¥ROBEXRFAE/RNUA
BT ARELBZZNEERAGEAAE. AR THHREFRFE, o
BEE I THRREBRUYELBZZRNGESH SRV2, XZ E—
PIFIEHN 245, EEAT 424 HERW 710 B X TRAEKER
FAFALESL, JEAKTAM 710 HERRBLEZ. B 7 H
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T, FANEROAFRFERFFEATELRARE. BEBRG
2, ALZBAFRARTE T HFOHLHTAIE, LRERTHE
GIERERNERXLERFAEA. THAAh, AIALEEKANTEL AL
BmREALAETHNGEBEZA.

RAEHFNE 9, HLe—HAAGIRMNE, Alkh BiafH
E (shift and squish) "B X. WB7¥TEE, ALEMT106T
TERXBHFAIREZIAERL - A BERGHR. EBPHFEEKX
910 BB ARLFHXFARAHE. wR XA ALLKEM 710 —#, 4=
BRFEEX 9010 SBHAYA 8 PEERY 16 MK, EBfLisp
HEEX IO THAIE, £MFAKBMBEX 710 + 6T HiFd
K, WA 6B fi7sti—A 8 NREER#MR. R, ABEPFELX
910 + W EH/IT P ELHE THATHMEAG—A 8 FREBGZ -4
M, EMFAEELERMEX 710 Y LHF PR HE THAARG—
M IREMH G —ELSMAR. B, S5ALKEM 710 FENHE, B
LifoFEEX 910 ELHBAIEESBAfoF ERX 910 R& T HAT
R REZAAAE At F AR, #lde, DK 901-904 2R E EEH
Wi A-3E5) A 901/902/903/904, 5 B 650~ X 901S-904S M £ £ 5 7
4 904S/901S/902S/903S. &M 910 ¢ KAAFAT P& PR EFZHAR
F%%. %%, FEIEERGIREPHSEG B K G HEF/MMALSE
AL X .

BLafHEEX 910 B IMFTEL. ZEXT I6APMEH
HHANFXETEA M EEETANFTHESE—PEERFAHHA
SR EAALA. B TEAEXLE 9 MFTEL, BRAFLEA
2.

ERifef BN 910 FEA LH THRHE/MBAG @ AKX
B R, K 901911 KBS ERIEL IOR, TRAAFH
KM 710 FAA I THRARE/RAGTOEEGELBZAIE
BHKY 88%. MK 901 #» 911 Y EXBIMGESE ARG IEE
B TR,
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RESAEXE 10, LA —HEIEHRFFAEXNG 5. &
16 1K 4 x4 AL&AEM 1010 H 4 A~ 2 x2 44, 1001-1004 # A&,
AXE 10 95 &, 16 PE&EM 1010 2 AP KEFHGLTEL,
AERBEEZ@AKTRM 1010 65— A ZH A EZH KX, #H# 1010
PR GHNEMTE 7 FAM 710 HIE, AEFADR EE—A
o — TR E, RMATRFIMADREIEY, e ALK LAY
P EREW.,

B 1A RBL2TATHEREARAETRAGBRZZR%EY SATHA
BES 1100, REMTHEHG6A PHMELES 600. £5F4 1100 45 16
MAEBACOWETY, BL2T SAREHBULAGIENHES 1103 #5
SF8AME/BILATEES1104. EBI0OGHEFRARITRAR
WEES 1103. AUEES 1104 FAEAE 10 9 EF AKX
DR, AEGRATFREATHEGRE, XKL T @ETHE.

B 11B & TAHB 10 93 E 5 AEX A LM 1010 T4 A
SADRKER, Wwh 1IBHF, HFS8ANMERBH—ANAREZIEGE

ABERMZEIEHERER LA TR—GRA /AR, SHEA
PSR ER R, A—AHEBRERIHETE—HL aF—FHERE
I FHATHERBALTHE B, AR 1110 HH, FABEK
1110A-1110D ¥ L TE R MR GHEE/RL. W TFTRARB 11A A7
G ANREREHRERATRARL, BRELASATAEHE. §T
ATa#F#GMRE, A SAFRFAYIRERRXALALREM
1010. |

RASER 12, BL4ETHEH 10 HALEM 1010 PATERY
4 PR 1003, E£DEAE 1003 P, 4 ANEHEAPRERERELE
@it AB 1IBPFEGSAPIRER FHE——A. %45, £4
DEANE 1003 ¥, HACESGE SR AMARE/RL, @5
RRfTHsAEERN AZXMBALE, Fldo, B 12 i+, T
HA4AVEHEHATSHAE, 1110D. 1120C. 1150B # 1160A,
RAMEAGRE/MRAEER,. H5, MK 1110 5K 1110C F K
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1150 85 & K 1150A @t @, FABEAARAGRAEMMUEER. FTFT
#£ B K: 1150D # 1160C, 1160B #= 1120D, ¥A % 1110B #= 1120A,
HHmE. kst, £ 4 DEDA 1003 T3 A LEAFEDEHGRE 5
K EAAME M E/MMALIEE: HE 1150C # 1120B LEZ B K 1110A
A2 1160D. X B4R E/BAERLEFELAM 1110 HEXTEH, X
NE 10 TAHE, BREEEEPMEEEFRED.

FALEEZH 10, RAE XA PEI4A 1004, £ KA 1004
¥, 4N PEFEEADEHRZ LG TRFER 11B Fr765 8 A K
AW b g ——A. HI, KA 1004 FEAIEHIRERY
DK 1003 PEAGIREERRE. 52, £AB 11B #$44
SAVREERY, AP AADERERATIRAPNA 1003, #5544
SREEBBTSRADA 1004, EDRK DA 1004 FR 6§ ZAZEMT
@t ESRANME 1003 PAORG A 4 DR AE 1004 FHA
PEHNEAERAAMARE/MA, @REXADE L TP F A4
Z % 2t & ARAR.

twme 2 ThE 4 PREIMEFIEHZLEREFNFTX, BH
d, AR DA 1003 1002 I EZRALELXE, MBAEPR DA
1004 #= 1001 9P ExMEFEXE. £4 B 10 F64 K4 1003
01002, TRAABEAHFAZE IR AT ERAAEG 4 APRE X
B, aLAZAVRIEFIRGHFNFXAPPREAG SR ZLLED
B, B, SE44 1003 8 ERE 1150 540K 44 1002 Fe5 K
1150S AAR DR ER, B4, DE A4 1004 F 1001 F65 0K 2448
Fls XABX.

HAEKW 1010 ETAEAKFREE56LER, M TFALEM
710 9T £ MW, BEE, ETEZRX AL 2 <2 M6 4 A
Reim A BEAAMBAGRE/RALIER. XFHENFIAEFIEH
ARRKRAY, RLLAELRHTTASME.

AAMARE/RBUOERALERENGEEGEMBHASELHK
ZREHEEH 6RV2. EABBERRAG LALAMARE/RILIEER
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GEMANBAEZAEALETR. PREALAXETR, &TRY
AAFRAGEMEANGARGHE 4 PNERELEETFRAKE.

AHXE 13, FEEMTHE 10 9 AL %M 1010 65 A X B4
1310. K, M 1310 AL XL BEEHBEEE, ERhHLAIEELEA
K. A%k, RANEZEFRRAIRIER[EAGAPFER. M
BRBEZATABABENIEGELABEAE MG AL L.
B BERELZAFARNEERENAES K. B EETHR
RIE2aR&%HEtL FAARRARL IHREEFRERLE
AREZARZANHBEPITLESLE. EEZHREHXIEFFTXA
FEE2BEEGRD. B 13HF, TEARAI A5 KK, XA W
GiGPFEHFFRABRT S AR, A5, B 13 TETHEMI 4 4
PEI4GFABEHET—AEEEZAK 1390, IRMAEZAHK
—HERART. AAVGRARFTENFROARTENELILRS 4
MtaBE AT, HATREAPFPHEZENIERXVELZRE.
HAABEBRIBEG AN OGREREMEEZREEN, S AN E
ERERUEMTAALABEREREART AXRTS. AR, &7
KmbRFYyTF4ABERK.

RECGEMBAETALVALAS, LARHGRL, EAT
HITEMHEN, BRPEEAFABEARBRAEXEZLHERLRAG
HAAALE. I, AYRHRBEFFARTARAAEFHESNL
£, W, 5. HHEAS. £E. 75T R KAROGEKAAR
MALZREHA L PHRER, REAXPBLTEASHAERSLER
FEAARIITEARBEAGTEEZEAAERL LHESEREZTARLLL
MRALZEGEIR,. UK. . HHAARS. £E. 72X IJ %. B
B, FFIRRAEZXFALEEACS IR, K. F%. HHR
2. RE. FEIRT R
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