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Systems and Methods for Network Channel Allocation

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of United States Provisional Patent
Application No. 60/518,224, entitled “Reconfiguration of Sub-Channels in an OFDM System,”
invented by Daniel J. Park, Deepak Ayyagari, George M. P’eponides and James E. Petranovich,
filed on November 7, 2003.

BACKGROUND OF THE INVENTION

[0002] In communications systems, such as those that allow orthogonal frequency
division multiplexing (OFDM), the modulation used on the physical channel may be selected
based on the measured characteristics of the physical communication channel. The processes
involved with the selection of the channel modulation consume resources such as network
bandwidth and time. When the processes for selecting the channel modulation are in series with
a connection setup request, the modulation selection processes may cause additional delay in
establishing the connection. Users requesting a new connection may be very sensitive to
connection setup delay and may benefit from minimization of these delays. \
[0003] Some known networking systems use procedures to select the channel modulation
at the beginning of each connection setup. These procedures generally involve measuring the
channel characteristics and selecting the best modulation given those measurements. In some
known systems, if channel measurements have been recently made (e.g. a similar connection has
been recently established), the measurement and modulation selection procedures may be

shortened by omitting another channel measurement process.

BRIEF SUMMARY OF THE INVENTION

[0004] Embodiments of the present invention comprise systems and methods for network
connection setup and bandwidth allocation including negotiable and non-negotiable modulation
allocation procedures.

[0005] The foregoing and other objectives, features, and advantages of the invention will
be more readily understood upon consideration of the following detailed description of the

invention taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL DRAWINGS

[0006] Fig. 1 is a diagram showing a connection setup procedure with negotiable

modulation;



10

15

20

25

30

WO 2005/048511 PCT/US2004/036969

2
[0007] Fig. 2 is a diagram showing a connection setup procedure without negotiable
modulation;
[0008] Fig. 3 is a chart showing embodiments comprising a device connection request
method;
[0009] Fig. 4 is a chart showing embodiments comprising a central coordinator;
[0010] Fig. 5 is a chart showing embodiments comprising a device connection request

method wherein known patterns are sent and measured to negotiate connection parameters; and
[0011] Fig. 6 is a chart showing embodiments comprising a central coordinator method

wherein known patterns are sent and measured to negotiate connection parameters.

DETAILED DESCRIPTION OF SOME EXEMPLARY EMBODIMENTS

[0012] In some embodiments of the present invention, a central coordinator (CCo) may
decide to forgo the channel measurement and modulation negotiation procedures for connections
whose quality of service (QoS) requirements call for a short connection setup time and when the
state of the network is such that a reduced connection setup time can be traded off against
increased network inefficiencies.

[0013] A central coordinator (CCo) may comprise a distinct device connected to a
network for the purpose of managing network connections and settings. A CCo may also
comprise part of another network device, such as a computing device, that performs many
functions including, but not limited to, network connection and network parameter management.
[0014] Embodiments of the present invention may be implemented as hardware,
firmware, software or combinations thereof. These embodiments may be implemented as a
single unit or as multiple units or portions of one or more units.

[0015] Embodiments of the present invention may be implemented in a variety of
network systems, including, but not limited to, powerline networks, wireless networks, wired
networks and others. Specific embodiments may be implemented in the Avalanche network
protocol described in the Avalanche specification: Power Line Communications (PLC) AV,
Avalanche Protocol Specification; Version 0.4.1, October 8, 2003, which is hereby incorporated
herein by reference.

[0016] In communications systems in which the modulation of one or more physical
channels is configured at the time a communication channel is established, embodiments of the
present invention may allow the modulation selection procedures to be reduced such that a lesser
amount of time is used to select and communicate the settings to the devices at either end of the

communication link. The modulation selected for the communication channel may be sub-
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optimal for network utilization, but this trade-off can be beneficial and even preferred when the
state of the network is such that users are more sensitive to connection setup latencies than data
throughput.

[0017] Additionally, in some embodiments, a network may have excess network
bandwidth available that may be utilized for reduced connection setup latency in which case
additional network bandwidth may be consumed in trade for minimum connection setup time
and increased network inefficiency. The decision to use fixed modulation settings (non-
negotiable) or dynamic settings (negotiable) may be made) by a CCo based on the QoS
requirements specified for the connection.

[0018] In some embodiments of the present invention, modulation selection procedures
may consider the QoS requirements of a new connection and the QoS requirements of other
active connections on the network. The modulation selection process may inspect the QoS
requirements of the new connection request. If the user is sensitive to connection setup delay,
the procedure may over-allocate bandwidth (as practical) to the connection and configure the
modulation to a conservative modulation type that will meet the other performance
characteristics of the connection, such as the required maximum error rate.

[0019] In some embodiments, the modulation selection procedures may consider the
current state of the network including, but not limited to, allocations and excess bandwidth. The
modulation selection process may check the current and expected network utilization and use
this information to modify connection setup and bandwidth allocation. If a significant amount of
excess network bandwidth exists, the modulation selection procedures may opt for a quick
connection setup time at the expense of network utilization efficiency.

[0020] In some exemplary embodiments of the present invention, the inventive
procedures for setting up physical channels may be used. These embodiments may be explained
with reference to Fig. 1. In these embodiments a negotiable modulation scheme may be used
wherein a device 2 makes a connection setup request 12 to the CCo 6. The CCo 6 then decides,
with knowledge of the current state of the network and the QoS requirements or delay sensitivity
of the requested connection that the modulation settings on the allocated tones may be negotiated
between the two devices, Devl 2 and Dev2 4.

[0021] A CCo may base decisions on a fixed and known set of modulation parameters
that typically define a lowest level of connection performance. Additionally or alternatively, a
CCo may collect and maintain an up-to-date database of modulation parameters applicable to

connections in the network.
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[0022] The CCo 6 may then send a setup message 14 to the two devices 2 & 4. This
message may specify the parameters to perform channel analysis, and the allocations (tones and
timeslots) for the new connection.
[0023] When the two devices 2 & 4 receive the message, they will perform channel
analysis to determine the optimal modulation type to be used on the new connection. First, both
devices measure performance on the tones for a period of time specified by channel analysis
parameters to measure the noise floor. Next, the source device sends a known pattern on the
tones for a period of time while the destination device makes measurements 16. The destination
device may then transmit a known pattern while the source device makes measurements 18.
[0024] After the measurements are made, the two devices 2 & 4 may exchange the
results with a pair of messages 20. These messages may specify the modulation type for each
tone that the devices should use in the future. The two devices 2 & 4 may then send a
confirming message 22 to the CCo 6 to report the bandwidth observed on the new connection
based on the modulation type determined by channel analysis between the two devices 2 & 4.
The two devices 2 & 4 may then continue with Connection setup 24.

[0025] In some embodiments of the present invention a connection setup scheme may be
used that does not involve inter-device negotiation. These embodiments may be described with
reference to Fig. 2. In these embodiments, a device 32 makes a connection setup request 38 to
the CCo 36. The CCo 36 then decides, with knowledge of the current state of the network and
the QoS requirements of the requested connection, that the modulation settings on the allocated
tones are not to be negotiated between the two devices, Devl 32 and Dev2 34. The CCo 36 sets
the modulation on each tone.

[0026] The CCo 36 may send setup messages 40 & 42 to the two devices 32 & 34. These

- messages may specify the allocation with fixed modulation type for the new connection. When

the two devices 32 & 34 receive the messages 40 & 42, they may reply 44 & 46 to the CCo 36
acknowledging the connection’s configuration. These messages 44 & 46 may include a report of
the bandwidth observed on the connection based on the specified modulation type. The two
devices 32 & 34 may then continue with connection setup 48.

[0027] Some embodiments of the present invention may be described with reference to
Fig. 3. In these embodiments, a device sends 50 a network connection request in connection
with an indication of the sensitivity of the connection to delay. The delay sensitivity of the
connection request is evaluated 52 to determine whether a delay caused by negotiating a

connection will adversely affect the connection. If the sensitivity is high, a fixed modulation
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allocation will be assigned and received 54 by the requesting device. Once the fixed allocation
has been assigned, the connection may be utilized 56.

[0028] If the sensitivity is low and a connection delay can be tolerated, a negotiable
modulation allocation may be assigned and received 58. The device may then negotiate
modulation settings 60 with the connected device. Once measurement, testing and negotiation
are complete, modulation parameters may be set 62 and the connection may be utilized 56.
[0029] Some embodiments of the present invention may be described with reference to
Fig. 4. In these embodiments, a network managing authority, such as a CCo, may receive 70 a
network connection request. In conjunction with this request, an indication of the sensitivity of
the connection to delay will be indicated. This delay sensitivity is then evaluated to determine
whether any delay caused by connection negotiation can be tolerated. If the sensitivity is high
and delay cannot be tolerated or will have some adverse impact on the connection, the managing
authority may grant 74 a fixed modulation allocation for the connection. The requesting device
or devices may then use the connection without further negotiation delay.

[0030] If the sensitivity to initial delay is low, the managing authority may grant 76 a
negotiable modulation allocation for the connection. The device participating in the connection
may then negotiate the modulation parameters to be used for the connection. This negotiation
may comprise measurement and testing. Once the modulation parameters have been negotiated
by the device, they may be transmitted to and received 78 by the managing authority, which may
then record the negotiated allocation to avoid conflicts.

[0031] Some embodiments of the present invention may be described with reference to
Fig. 5. In these embodiments, a network device, Devl, may send a network connection request
82 for a connection between that device, Devl and a connecting device, Dev2. The requesting
device, Devl, will also identify the delay sensitivity of the connection. This sensitivity may be
in the form of a QoS factor. A managing authority, such as a CCo, may then evaluate the delay
sensitivity 86 to determine whether connection negotiation will benefit the connection. If
negotiation will not benefit the connection, a fixed modulation allocation may be assigned and
received 88 by the requesting device and any connecting devices. These devices may then report
90 the bandwidth of the connection and utilize 92 the connection.

[0032] If the negotiation may benefit the connection, a negotiable modulation allocation
may be assigned and received 94 by the requesting device, Devl. The requesting device may
then send and measure a known pattern 96 from Dev1 to a connecting device, Dev2. The

connecting device, Dev2, may also send and measure a known pattern 98 from Dev2 to Devl.
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Modulation parameters may also be sent 100 from Dev1 to Dev2. Modulation parameters may
also be sent 102 from Dev2 to Devl. Bandwidth obtained over the connection may then be
reported 90 and the connection may be utilized 92.

[0033] Some embodiments of the present invention may be described with reference to
Fig. 6. In these embodiments, a network connection request may be received 104 by a managing
authority. This request is received from one or more devices, such as Devl and Dev2. A delay
sensitivity, such as a QoS level, may also be sent 106 to identify whether negotiation delay will
be tolerated. If negotiation of the connection by the devices will not benefit the connection, a
fixed modulation allocation will be granted 110 to the connecting devices, Devl and Dev2.
Once the allocation is granted, the connected devices may then report the connection bandwidth
to the managing authority, who receives 112 the report. The connection may then be utilized
114.

[0034] If the connection will benefit from connection negotiation, a negotiable
modulation allocation may be granted 116 for the connection. The managing authority may also
establish 118 a channel analysis period during which the connecting device may measure
connection performance. Once the parameters have been measured and negotiated, the devices
may report the connection bandwidth to the managing authority, who receives the report 112.
The connection may then be utilized 114 by the devices.

[0035] The terms and expressions which have been employed in the forgoing
specification are used therein as terms of description and not of limitation, and there is no
intention in the use of such terms and expressions of excluding equivalence of the features
shown and described or portions thereof, it being recognized that the scope of the invention is

defined and limited only by the claims which follow.
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CLATIM(S)

I claim:

1. A method for establishing a network connection, said method comprising:

a. receiving a request for a network connection;

b. receiving an indication of said connection’s sensitivity to
connection negotiation delay;

c. assigning a negotiable modulation allocation when said sensitivity
to network connection delay is not significant; and

d. assigning a fixed modulation allocation when said sensitivity to

network connection delay is significant.

2., A method as described in claim 1 wherein said indication of said

connection’s sensitivity to connection negotiation delay is a QoS parameter.

3. A method as described in claim 1 wherein said indication of said
connection’s sensitivity to connection negotiation delay is determined by the type of device

requesting said network connection.

4. A method for establishing a network connection, said method comprising:
a. initiating a request for a network connection;
b. sending an indication of said connection’s sensitivity to connection

negotiation delay;

c. receiving a negotiable modulation allocation when said sensitivity
to network connection delay is not significant; and

d. receiving a fixed modulation allocation when said sensitivity to

network connection delay is significant.

5. A method as described in claim 4 wherein said indication of said

connection’s sensitivity to connection negotiation delay is a QoS parameter.
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6. A method as described in claim 4 wherein said indication of said
connection’s sensitivity to connection negotiation delay is determined by the type of device

requesting said network connection.

7. A method for establishing a network connection, said method comprising:
a. receiving a request for a network connection,
b. granting a negotiable modulation allocation when said connection

will not be adversely impacted by connection modulation negotiation; and
c. granting a fixed modulation allocation when said connection will

be adversely impacted by connection modulation negotiation.

8. A method as described in claim 7 further comprising establishing a

channel analysis period.

9. A method as described in claim 7 further comprising receiving a

configured bandwidth report.

10. A method for establishing a network connection, said method comprising:
a. initiating a request for a network connection,
b. receiving a negotiable modulation allocation when said connection
will not be adversely impacted by connection modulation negotiation; and
c. receiving a fixed modulation allocation when said connection will

be adversely impacted by connection modulation negotiation.

11. A method as described in claim 10 further comprising sending a

configured bandwidth report.

12. A method as described in claim 10 further comprising negotiating

connection modulation parameters.

13. A method as described in claim 10 further comprising sending and

measuring a known pattern between network devices.
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14. A method as described in claim 10 further comprising sending modulation

parameters between network devices.

15.  An apparatus for establishing a network connection, said apparatus
5  comprising:
a. a receiver for receiving a request for a network connection; and
b. a connection manager for granting connection allocations, wherein
a negotiable modulation allocation is granted when said connection will not be
adversely impacted by connection modulation negotiation; and
10 C. wherein a fixed modulation allocation is granted when said

connection will be adversely impacted by connection modulation negotiation.

16.  An apparatus for establishing a network connection, said apparatus

comprising:
15 a. a requester for requesting a network connection,
b. an indicator for indicating a sensitivity to connection delay;
c. a negotiator for negotiating connection modulation parameters

when said sensitivity to connection delay is low.
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