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MOUVEMENT RELATIF

54) TRAFFIC MANAGEMENT METHODS FOR MITIGATION OF
INTERFERENCE BETWEEN SIGNALS OF SATELLITE

SYSTEMS IN RELATIVE MOTION

(57) Dans un environnement de systemes de
communication a satellites en concurrence utilisant des
bandes ou des canaux communs ou 1’un des systemes au
moins utilise en plus des bandes ou des canaux dedies ne
causant aucun brouillage, le brouillage entre les bandes
ou les canaux communs aux deux systemes est atténue
par la methode decrite dans les revendications jointes, les
probabilites de brouillage sont déterminéees et les criteres
a satisfaire en matiere de brouillage, qui sont basé€es sur
ces probabilites, sont €tablis. Le brouillage est minimise
en utilisant d’abord les canaux deédi€s et ensuite les
canaux communs selon le trafic, et des limites sont
ctablies de facon a respecter les criteres a satisfaire en
matiere de brouillage.
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(57) In an environment of competing satellite systems
having i part shared bands/channel frequencies and at
least one system having non-interfering dedicated
bands/channels, interference between shared
bands/channels of the two systems 1s mitigated by a
method as recited i the appended claims, interference
probabilities are determmed and based on these
probabilities and interference criteria to be met.
Interference 1s minimized by making imitial channel
assignments to dedicated channels and assigning shared
channels 1n accordance with traffic controls and limaits
are developed so as not to violate the interference
criteria.
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Traffic Management Methods For Mitigation
Of Interference Between Signals Of
Satellite Systems

In Relative Motion
Abstract

In an environment of competing satellite systems having in part shared
bands/channel frequencies and at least one system having non-interfering dedicated
bands/channels, interference between shared bands/channels of the two systems is
mitigated by a method as recited in the appended claims, interference probabilities
are determined and based on these probabilities and interference criteria to be met.
Interference 1s minimized by making initial channel assignments to dedicated

channels and assigning shared channels in accordance with traffic controls and limits
are developed so as not to violate thie interference criteria.
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Traffic Management Methods For Mitigation
Of Interference Between Signals Of

Satellite Systems
In Relative Motion

Field of the Invention

This invention relates to a method of managing satellite network traffic
and in particular to mitigating interference between satellite networks sharing in part
some common channels or frequencies. It is particularly concerned with shared
frequency interference between a satellite network using geosynchronous satellites
and a satellite network using non-geosynchronous satellites, or two non-
geosynchronous satellite networks.*

Background of the Invention

Many proprietary communication networks use adjacent channel
frequencies and in some instances share common frequency bands or channels with
other communication networks. In wireless communication systems using satellite
connections, where the satellites of different communication systems experience
relative motion with one another, interference between shared or common channel
frequencies may result from the relative motions between the satellites of the
different systems as the geometric distance between two or more beamed channels is
reduced. This often occurs when one system uses geosynchronous satellites and
another system with a shared frequency uses non-geosynchronous satellites. Such
interference can also occur between two systems each using non-geosynchronous
satellites. This interference between the two systems is a pseudo-random event that
produces undesirable interference between the two systems.

Such interference degrades customer service. Proposed limits for such
degradation are often expressed in terms of interference to noise ratios and a % time
during which the ratios may be exceeded. A set of such limits is now being
developed under the auspices of the ITU (i.e., International Telecommunication
Union). It 1s desirable to avoid such interference to maintain customer satisfaction
as well as a necessity to meet standards which limits such interference.

Summary of the Invention
According to the invention, in an environment of competing satellite

systems (1.e., one system using geosynchronous satellites or non-geosynchronous
satellites and the other system using non-geosynchronous satellites) having in part
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shared bands/channel] frequencies and at least one system having non-interfering
dedicated bands/channels, interference between shared bands/channels of the two
systems 1s mitigated by a method as recited in the appended claims.

In accordance with one aspect of the present invention there is
provided a method of mitigating interference between two independent wireless
systems due to traffic, a first system including a geosynchronous satellite
connection and a second system including a non-geosynchronous satellite
connection and the two independent wireless systems being in relative motion with
one another; the first system having dedicated channels which are non-interfering
with channels of the second system and shared channels which interfere with
channels of the second system due to relative motion of the synchronous and
non-synchronous satellites to one another; the method comprising the steps of:
mitigating the interference by means of traffic flow control of channels shared by
the first and second systems, the method steps including: generating traffic
statistics for at least the first system by entering the traffic patterns and frequency
plans onto a process and entering an interference to noise ratio onto the process;
ascertaining applicable interference criteria; creating limits on channel assignments
based on the traffic statistics and the interference criteria by creating a traffic
mask; and assigning channels to abide with the created limits including assigning
channels to dedicated channels first and to shared channels in an absence of

dedicated channels.
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In an illustrative embodiment of the invention, interference probabilities
are determined. Based on these probabilities and interference criteria, as established
by managing bodies such as the ITU, network usage limits of shared channels are
developed. Using these limits the interference is minimized by, in at least one system

5  making initial channel assignments to dedicated channels and assigning shared
channels so as not to violate the interference criteria.

In a specific application utilizing a cascade link band as is known to
those skilled in the art, having interference in uplink bands only, downlink EIRP
(1.e.,Effective Isotropic Radiated Power; maximum transmitted power and antenna

10 gain) is maximized to mitigate uplihk interference when uplink/downlink bands are
only partially populated. |

In a cascade noise analysis (i.e., no signal regeneration between up and
down link signals) noise effects in the up and down link are additive. Overall link
performance is achieved by keeping the sum of these effects less than a given
15 constant. By increasing the downlink power available to a user we reduce the the
noise effects on the downlink. Since the sum of the noise effects must be less than a
constant, decreasing the downlink noise effects allows for an increase in uplink noise
etfects for the same specified overall performance. This means uplink TX power can
be reduced (increasing uplink noise effects) decreasing the amount of interference
20 presented to other systems. By always dividing the available downlink power by the
number of users ( i.e., maximizing down link power per user) interference during
periods of off peak traffic is greatly reduced. The sum of uplink "u" and downlink
"d" power ratios equaling regulated "reg" power being related as:

25 Further mitigation, if necessary, is achieved by limitation of allowable
subscriber initiated calls.
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Brief Description of the Drawing

FIG. 1 1s a schematic of two independent communication systems, each
using satellites, in relative motion with one another and in which interference
between channels of the two systems may occur;

FIG. 2 1s a schematic block diagram of a stored program processor used
for determining criteria of interference:;

FIG. 3 1s a flow chart of a process for determining limits on channel
assignment defined by the interference criteria; and

FIG. 4 1s a flow chart for controlling channel assignment in accord with
limits defined by interference criteria.

Detailed Des_crigtion

A schematic of two wireless communications systems, as shown in FIG.
1 shows one system as having a geosynchronous connecting satellite 101 and the
other system as having a non-geosynchronous connecting satellite 111. The
geosynchronous satellite 101 interconnects two ground stations 102 and 103. The
non-geosynchronous satellite 111 connects two ground stations 112 and 113. As
indicated by arrow 120 the satellite 111 is in relative motion with the satellite 101.
This relative motion affects the geometric separation of the air interface paths of the
two systems. While at least one system has dedicated air interface channels, some
channels are shared by the two systems. Due to the relative motion the shared
channels interfere with one another in varying degrees. Such interference will be
restricted by issued standards of the ITU and other agencies. It is nécessary to limit
use of the shared channels in a manner that accommodates the issued standards.
While the illustration shows one particular system it is to be understand that the
principles of the invention apply to any system where satellites, of differing systems,
are 1n relative motion to one another.

A computing environment as shown in the FIG. 2 provides a means of
assessing traffic patterns and converting the patterns into a mask for controlling the
assignment of channels. A stored program storage 201 is connected to the bus 205.
for processing the assignment of channels and the mask defining the limits
developed for such assignment. Bus 205 is is connected to memory 202 including
the traffic statistics of the system to which channels are to be assigned. The statistics
are processed by the processor 203 to generate the limits defining mask and to assign
channels according to the mask. The assignments generated are transmitted over the
bus to the channel assignment controller 204 which outputs the information in
tangible form or in a form to automatically control channel assignment.
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The process of generating the limits and the mask are shown in the flow
chart of FIG. 3. The terms of art specified, below, as defined by the ITU and are
known to those skilled in the art. The process begins at start 301 and in block 303
the geometry of the interference, of the two systems, is entered. Interference criteria
defined by the appropriate administration is entered in the block 305. The frequency
assignments of the two systems identifying dedicated and shared channels and are
entered in the block 307. Traffic statistics of the two systems are entered in block
309. Initial traffic masks are created based on the traffic patterns in block 311. The
frequency plans may be time varying in which case this process could run in real
time to constantly update the traffic mask.

The allowable interference to noise ratio, from the interference criteria,
is referenced in the block 313 and a percentage of expected interference for these
channels is calculated in the block 313 to see if the interference criteria is met. In
decision block 315 a determination is made as to the need for mitigation and if
needed limits to attain the mitigation are determined in block 317 by modifying the
initial traffic mask of block 311. These limits are achieved by reducing the initial
traffic mask of the block 311 being mitigated so as to meet the interference criteria
while minimizing impact on capacity and revenue. One method is to reduce all parts
of the mask by some minimum percentage such that the criteria are met. The traffic
mask 1s modified as per block 317 to achieve mitigation. A controlling traffic mask
defining the blocking of channels is output as per block 319. The process is ended in
the end terminal 321.

The process of the channel assignment control is shown in the flow chart
of FIG. 4. After the start terminal 401 the traffic mask is downloaded as per block
403 and the channel assignment loaded as per block 405. The geometry interference
1s evaluated to see if it allows interference to occur in block 407. If it does (Yes)
traffic is reassigned or cleared to meet the interference requirement in block 409. If
geometry does not permit interference (No) the flow proceeds to block 411 which
responds to requests for channel assignment in the system. Upon the receipt of a
channel assignment request, as determined by decision block 411 a determination is
made as to availability of a dedicated channel in decision block 413. If no channel
request 18 received (No) flow returns to block 407. If a dedicated channel is
available (Yes) the assignment is made as per block 423. Flow returns to block 407
after channel assignment. In the absence of an available dedicated channel (No) a
least populated shared channel is located in the block 415 and possible use of this
channel for assignment is tested to determine if it fits the mask of traffic channel
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assignment (No) as per block 417 a channel is assigned in block 423. If the mask is
exceeded (Yes) the request is refused as per block 417 and in block 419 a
determination is made as to whether the geometry permits interference. If it does
(yes) a channel is assigned in block 423 and if not (No) the channel assignment
request is rejected in block 421. Flow returns to the input of decision block 407.

In instances where the channel assignments change in time, the process
may be made adaptive by running the process in FIG. 3 repetitively, and returning
from blocks 409 and 415, via dotted line 424 to block 403 in FIG. 4.

The process also benefits from the inclusion of satellite ephemeris data
and the interference geometry. When it is known that interference is impossible

traffic mask restrictions can be eliminated until such time when the potential for
interference exists again.
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1. A method of mitigating interference between two independent
wireless systems due to traffic, a first system including a geosynchronous satellite
connection and a second system including a non-geosynchronous satellite
connection and the two independent wireless systems being in relative motion with
one another; the first system having dedicated channels which are non-interfering
with channels of the second system and shared channels which interfere with
channels of the second system due to relative motion of the synchronous and
non-synchronous satellites to one another;

the method comprising the steps of:

mitigating the interference by means of traffic flow control of channels
shared by the first and second systems, the method steps including:

generating traffic statistics for at least the first system;

imitially assigning channel requests in the first system to dedicated
channels until the dedicated channels are fully subscribed;

determining acceptable interference criteria;

limiting channel assignments in shared bands of the geosynchronous
and non-geosynchronous satellites, until after full subscription of the dedicated
channels to accommodate the traffic statistics and the interference criteria, by:

restricting the assignment of channel requests to shared bands to
achieve a minimum limitation of blocking of connections, and

lmiting the number of users assigned channel requests during intervals

of high interference probability.

2. A method of mitigating interference between two independent
wireless systems due to traffic, a first system including a geosynchronous satellite
connection and a second system including a non-geosynchronous satellite
connection and the two independent wireless systems being in relative motion with
one another; the first system having dedicated channels which are non-interfering

with channels of the second system and shared channels which interfere with
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channels of the second system due to relative motion of the synchronous and
non-synchronous satellites to one another;

the method comprising the steps of:

mitigating the interference by means of traffic flow control of channels
shared by the first and second systems, the method steps including:

generating traffic statistics for at least the first system by entering the
traffic patterns and frequency plans onto a process and entering an interference to
noise ratio onto the process;

ascertaining applicable interference criteria;

creating limits on channel assignments based on the traffic statistics and
the interference criteria by creating a traffic mask; and

assigning channels to abide with the created limits including assigning
channels to dedicated channels first and to shared channels in an absence of

dedicated channels.

3. The method of claim 2, wherein:
the step of creating limits includes:
entering traffic patterns and frequency plans onto a process, and

entering an interference to noise ratio onto the process.

4. The method of claim 3, wherein:
a need for mitigation is established, and

a tratfic mask 1s created.

5. The method of claim 4, wherein:
assigning channels includes assigning channels to dedicated channels
first.

6. The method of claim 5, wherein:
assigning channels to shared channels in the absence of dedicated

channels and only if the traffic mask is not exceeded.
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7. A method of mitigating interference between two wireless systems
due to traffic each having a satellite connection between originating and
terminating terminals and the satellites having relative motion with respect to one
another;

the method comprising the steps of:

mitigating the interference by means of traffic flow control of channels
shared by the first and second systems, the method steps including:

generating traffic statistics for at least a selected one of the two
systems;

initially assigning channel requests in one of the two systems to
dedicated channels until the dedicated channels are fully subscribed;

determining acceptable interference criteria;

limiting channel assignments in shared bands, after full subscription of
the dedicated channels; to accommodate the traffic statistics and interference
criteria, by;

restricting assignment of channel requests to shared bands to achieve a
minimum limitation of blocking of connections, and

limiting the number of users assigned channel requests during intervals

of high interference probability.

8. The method of claim 7, wherein

the step of generating traffic statistics includes:

determining traffic patterns of the two systems,

determining frequency assignment plans of the two systems; and

determining acceptable interference-to-noise (I/N) ratios.

9. The method of claim 8, wherein

generating a traffic mask for controlling channel assignment.
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FIG. 3
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