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Description

I. Field

[0001] The following description relates generally to
wireless communications, and more particularly to reduc-
ing interference and improving throughput and channel
quality in a wireless communication environment.

II. Background

[0002] Wireless communication systems have be-
come a prevalent means by which a majority of people
worldwide communicate. Wireless communication de-
vices have become smaller and more powerful in order
to meet consumer needs and to improve portability and
convenience. The increase in processing power in mobile
devices such as cellular telephones has led to an in-
crease in demands on wireless network transmission
systems. Such systems typically are not as easily updat-
ed as the cellular devices that communicate there over.
As mobile device capabilities expand, it can be difficult
to maintain an older wireless network system in a manner
that facilitates fully exploiting new and improved wireless
device capabilities.
[0003] A typical wireless communication network (e.g.,
employing frequency, time, and code division tech-
niques) includes one or more base stations that provide
a coverage area and one or more mobile (e.g., wireless)
terminals that can transmit and receive data within the
coverage area. A typical base station can simultaneously
transmit multiple data streams for broadcast, multicast,
and/or unicast services, wherein a data stream is a
stream of data that can be of independent reception in-
terest to a mobile terminal. A mobile terminal within the
coverage area of that base station can be interested in
receiving one, more than one or all the data streams car-
ried by the composite stream. Likewise, a mobile terminal
can transmit data to the base station or another mobile
terminal. Such communication between base station and
mobile terminal or between mobile terminals can be de-
graded due to channel variations and/or interference
power variations. Accordingly, a need in the art exists for
systems and/or methodologies that facilitate reducing in-
terference and improving throughput in a wireless com-
munication environment.
[0004] Further attention is drawn to the document US
2007/105576 A1 in which systems and methods are de-
scribed that facilitate data communication in a wireless
communication environment. According to various as-
pects, a node, such as an access point or an access
terminal, may determine a number of channels over
which it will transmit a communication signal. The node
may then select channels based on whether the channels
are available or unavailable, wherein available channels
are preferentially selected over unavailable channels.
The node may then transmit a signal over the at least
one of the selected channels..

SUMMARY

[0005] In accordance with the present invention, a
method as set forth in claim 1, and an apparatus as set
forth in claim 7 are provided. Further embodiments of the
invention are claimed in the dependent claims.
[0006] The following presents a simplified summary of
one or more aspects in order to provide a basic under-
standing of such aspects. This summary is not an exten-
sive overview of all contemplated aspects, and is intend-
ed to neither identify key or critical elements of all aspects
nor delineate the scope of any or all aspects. Its sole
purpose is to present some concepts of one or more as-
pects in a simplified form as a prelude to the more detailed
description that is presented later.
[0007] According to various aspects, the subject inno-
vation relates to systems and/or methods that provide
unified technology for wide and local wireless communi-
cation networks in order to facilitate achieving benefits
associated with both cellular and Wi-Fi technologies
while mitigating drawbacks associated therewith. For in-
stance, cellular networks may be arranged according to
a planned deployment, which can increase efficiency
when designing or building a network, while Wi-Fi net-
works are typically deployed in a more convenient, ad
hoc manner. Wi-Fi networks may additionally facilitate
providing a symmetrical medium access control (MAC)
channel for access points and access terminals, as well
as backhaul support with in-band wireless capability,
which are not provided by cellular systems.
[0008] The unified technologies described herein facil-
itate deploying the network in a flexible manner. The
methods described in this disclosure allow the perform-
ance to adapt according to the deployment, thus provid-
ing good efficiency if the deployment is planned or semi-
planned, and providing adequate robustness if the net-
work is unplanned. That is, various aspects described
herein permit a network to be deployed using a planned
deployment, (e.g., as in a cellular deployment scenario),
an ad hoc deployment (e.g., such as may be utilized for
a Wi-Fi network deployment), or a combination of the
two. Still furthermore, other aspects relate to supporting
nodes with varied transmission power levels and achiev-
ing inter-cell fairness with regard to resource allocation,
which aspects are not adequately supported by Wi-Fi or
cellular systems.
[0009] For example, according to some aspects,
weighted fair-sharing of a set of wireless carriers may be
facilitated by joint scheduling of a transmission by both
a transmitter and a receiver using a resource utilization
message (RUM), whereby a transmitter requests a set
of resources based on knowledge of availability in its
neighborhood, and a receiver grants a subset of the re-
quested carriers based on knowledge of availability in its
neighborhood. The transmitter learns of availability
based on listening to receivers in its vicinity and the re-
ceiver learns of potential interference by listening to
transmitters in its vicinity. According to related aspects,

1 2 



EP 2 549 686 B1

3

5

10

15

20

25

30

35

40

45

50

55

RUMs may be weighted to indicate not only that a node
receiving data transmissions is disadvantaged (due to
the interference it sees while receiving) and desires a
collision avoidance mode of transmission, but also the
degree to which the node is disadvantaged. An RUM-
receiving node may utilize the fact that it has received an
RUM, as well as the weight thereof, to determine an ap-
propriate response. As an example, such an advertise-
ment of weights enables collision avoidance in a fair man-
ner. This disclosure describes such a methodology.
[0010] According to a related aspect, an RUM sending
node may indicate its degree of disadvantage by indicat-
ing a number of carriers for which the RUM applies, such
that the number of carriers (in general, these could be
resources, channels, frequency carriers/sub-carriers
and/or time slots) is indicative of the degree of disadvan-
tage. If the degree of disadvantage is reduced in re-
sponse to the RUM, then the number of carriers for which
the RUM is sent may be reduced for a subsequent RUM
transmission. If the degree of disadvantage is not re-
duced, then the number of carriers for which the RUM
applies may be increased for a subsequent RUM trans-
mission.
[0011] An RUM may be sent at a constant power spec-
tral density (PSD), and a receiving node may employ the
received power spectral density and/or received power
of the RUM to estimate a radio frequency (RF) channel
gain between itself and the RUM sending node to deter-
mine whether it will cause interference at the sending
node (e.g., above a predetermined acceptable threshold
level) if it transmits. Thus, there may be situations where-
in an RUM receiving node is able to decode the RUM
from the RUM sending node, but determines that the
RUM receiving node will not cause interference. When
an RUM-receiving node determines that it should obey
the RUM, it can do so by choosing to backoff from that
resource completely or by choosing to use a sufficiently
reduced transmit power bring its estimated potential in-
terference level below the predetermined acceptable
threshold level. Thus, "hard" interference avoidance
(complete backoff) and "soft" interference avoidance
(power control) are both supported in a unified manner.
According to a related aspect, the RUM may be employed
by the receiving node to determine a channel gain be-
tween the receiving node and the RUM-sending node in
order to facilitate a determination of whether or not to
transmit based on estimated interference caused at the
sending node.
[0012] According to an aspect, a method of wireless
data communication may include determining a condition
related to a plurality of resources; selecting a desired set
of resources from the plurality of resources based on the
condition; and transmitting a signal indicating the desired
set of resources for which to send a resource utilization
message (RUM).
[0013] Another aspect relates to an apparatus that fa-
cilitates wireless data communication, including means
for determining a condition related to a plurality of re-

sources; means for selecting a desired set of resources
from the plurality of resources based on the condition;
and means for transmitting a signal indicating the desired
set of resources for which to send an RUM.
[0014] Another aspect relates to an access point that
facilitates wireless data communication having an anten-
na and a processing system coupled to the antenna. The
processing system is configured to determine a condition
related to a plurality of resources detected by via the an-
tenna; select a desired set of resources from the plurality
of resources based on the condition; and, transmit a sig-
nal indicating the desired set of resources for which to
send an RUM.
[0015] Another aspect relates to an access terminal
that facilitates wireless data communication having a
transducer and a processing system coupled to the trans-
ducer. The processing system is configured to determine
a condition related to a plurality of resources usable to
communicate data usable with the transducer; select a
desired set of resources from the plurality of resources
based on the condition; and, transmit a signal indicating
the desired set of resources for which to send an RUM.
[0016] Another aspect relates to a computer program
product for wireless communication having a computer
readable medium having codes executable to determine
a condition related to a plurality of resources; determine
a weight based on the condition; and request a reserva-
tion of a subset of the plurality of resources based on the
determined weight.
[0017] Another aspect relates to an apparatus for wire-
less communication having a processing system. The
processing system is configured to determine a condition
related to a plurality of resources; selecting a desired set
of resources from the plurality of resources based on the
condition; and transmitting a signal indicating the desired
set of resources for which to send an RUM.
[0018] To the accomplishment of the foregoing and re-
lated ends, the one or more aspects comprise the fea-
tures hereinafter fully described and particularly pointed
out in the claims. The following description and the an-
nexed drawings set forth in detail certain illustrative as-
pects of the one or more aspects. These aspects are
indicative, however, of but a few of the various ways in
which the principles of various aspects may be employed
and the described aspects are intended to include all
such aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 is a network diagram of an exemplary wireless
communication system with multiple access points
and multiple access terminals such as may be uti-
lized in conjunction with one or more aspects of a
methodology for managing interference by employ-
ing a resource utilization message (RUM).
FIG. 2 is a process diagram for a sequence of re-
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quest-grant events that can facilitate resource allo-
cation, in accordance with one or more aspects de-
scribed herein.
FIG. 3 is a flow diagram of an exemplary methodol-
ogy for generating an RUM.
FIG. 4 is a diagram of a carrier mask-to-carrier map-
ping scheme for use in RUMs in a multi-carrier sys-
tem, in accordance with one or more aspects.
FIG. 5 is an illustration of a methodology for an ac-
cess terminal in requesting bandwidth from an ac-
cess point based on received RUMs, in accordance
with one or more aspects.
FIG. 6 is an illustration of a sequence of carrier masks
created based on one or more received RUMs, in
accordance with one or more aspects.
FIG. 7 is an illustration of a methodology for deter-
mining the number and selection of carriers to be
requested as part of a request to transmit by an ac-
cess terminal to an access point as well as deter-
mining the number and selection of carriers to be
granted as part of a grant of the request by the access
point to the access terminal.
FIG. 8 is an illustration of a methodology for gener-
ating a grant for a request to transmit, in accordance
with one or more aspects.
FIG. 9 is an illustration of a wireless network envi-
ronment that can be employed in conjunction with
the various systems and methods described herein.
FIG. 10 is an illustration of an apparatus that facili-
tates wireless data communication, in accordance
with various aspects.
FIG. 11 is an illustration of an apparatus that facili-
tates wireless communication using RUMs, in ac-
cordance with one or more aspects.
FIG. 12 is an illustration of an apparatus that facili-
tates comparing relative conditions at nodes in a
wireless communication environment to determine
which nodes are most disadvantaged, in accordance
with one or more aspects.
FIG. 13 is an illustration of an apparatus that facili-
tates reserving resources based on a determined
weight, in accordance with one or more aspects.
FIG. 14 is an illustration of an apparatus that facili-
tates managing a subset of a plurality of resources
based on a received RUM, in accordance with one
or more aspects.

DETAILED DESCRIPTION

[0020] Various aspects of the disclosure are described
below. It should be apparent that the teachings herein
may be embodied in a wide variety of forms and that any
specific structure, function, or both being disclosed here-
in is merely representative. Based on the teachings here-
in one skilled in the art should appreciate that an aspect
disclosed herein may be implemented independently of
any other aspects and that two or more of these aspects
may be combined in various ways. For example, an ap-

paratus may be implemented or a method may be prac-
ticed using any number of the aspects set forth herein.
In addition, such an apparatus may be implemented or
such a method may be practiced using other structure,
functionality, or structure and functionality in addition to
or other than one or more of the aspects set forth herein.
Furthermore, an aspect may comprise at least one ele-
ment of a claim.
[0021] The word "exemplary" is used herein to mean
"serving as an example, instance, or illustration." Any
aspect described herein as "exemplary" is not necessar-
ily to be construed as preferred or advantageous over
other aspects. Moreover, references to a list of elements
comprising of "at least one of A, B and C" should be
interpreted to reference each of the elements A, B, and
C individually, as well as any combinations the of the
elements A, B and C. Further, also the description utilizes
a network that involves the IEEE 802.11 standard, net-
works that utilize other protocols may benefit from the
various techniques and systems disclosed herein.
[0022] It will be understood that a "node," as used here-
in, may be an access terminal or an access point, and
that each node may be a receiving node as well as a
transmitting node. For example, each node may com-
prise at least one receive antenna and associated receiv-
er chain, as well as at least one transmit antenna and
associated transmit chain. Moreover, each node may
comprise one or more processors to execute software
code for performing any and all of the methods and/or
protocols described herein, as well as memory for storing
data and/or computer-executable instructions associat-
ed with the various methods and/or protocols described
herein.
[0023] Referring now to FIG. 1, a wireless network
communication system 100 is illustrated in accordance
with various aspects presented herein. System 100 can
comprise a plurality of nodes, such as one or more access
points 102 (e.g., cellular, Wi-Fi or ad hoc, etc.), also re-
ferred to as base stations, in one or more sectors that
receive, transmit, repeat, etc., wireless communication
signals to each other and/or to one or more other nodes,
such as access terminals 104. As noted, a "node" may
be an access terminal or an access point, and may com-
prise both a receiver and a transmitter. The usage of
terminology such as "transmitter" and "receiver" in this
description should therefore be interpreted as "when a
node plays the role of transmitter" and "when a node
plays the role of a receiver" respectively.
[0024] Each access point 102 can comprise a trans-
mitter chain and a receiver chain, each of which can in
turn comprise a plurality of components associated with
signal transmission and reception (e.g., processors,
modulators, multiplexers, demodulators, demultiplexers,
antennas, etc.), as will be appreciated by one skilled in
the art. Access terminals 104 can be, for example, cellular
phones, smart phones, laptops, handheld communica-
tion devices, handheld computing devices, satellite radi-
os, global positioning systems, PDAs, and/or any other
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suitable device for communicating over a wireless net-
work.
[0025] The following discussion is provided to facilitate
understanding of the various systems and/or methodol-
ogies described herein. According to various aspects,
each node may be assigned a weight, where each weight
is a function of a number of flows supported by the node.
"Flow," as used herein, represents a transmission com-
ing into or out of a node. The total weight of the node can
be determined by summing the weights of all flows pass-
ing through the node. For example, in one approach data
flows can have be assigned weights proportional to the
type of traffic being carried. Thus, HyperText Transport
Protocol (HTTP) or File Transfer Protocol (FTP) flows
may be assigned a particular weight. Further, constant
bit rate (CBR) flows can have predetermined weights pro-
portional to the bit rate. Moreover, each node may be
assigned a predetermined static weight that may be add-
ed to the flow weight of each node in order to provide
extra priority to each node. Weight may also be dynamic
and reflect the current conditions of the flows that a node
carries. For example, the weight may correspond to the
worst throughput of a flow being carried (received) at that
node. In essence, the weight represents the degree of
disadvantage that the node is experiencing and is used
in doing fair channel access amongst a set of interfering
nodes contending for a common resource.
[0026] Request messages, grant messages, and data
transmissions may be power controlled: however, a node
may nonetheless experience excessive interference that
causes its signal-to-interference noise (SINR) levels to
be unacceptable. In order to mitigate undesirably low
SINR, resource utilization messages (RUMs) may be uti-
lized. An RUM may be broadcast by a receiver when
interference levels on the receiver’s desired carriers ex-
ceed a predetermined threshold level. As discussed
herein, in an aspect of the deployment of RUMs, an RUM
is sent out by a receiving node when it is unable to meet
its quality of service (QoS) requirements. The QoS re-
quirements may be predetermined and may be ex-
pressed in the form of throughput (e.g., for full buffer traf-
fic), latency (e.g., for voice traffic), average spectral effi-
ciency, minimum carrier-to-interference (C/I) ratio, or oth-
er suitable metrics. The RUM encapsulates the weight,
which signifies the degree of disadvantage faced by the
node that is transmitting the RUM. In other words, in an
aspect of the use of the weight, the degree of disadvan-
tage is a function of the node’s QoS and its desired QoS.
This RUM weight may be quantized using a predeter-
mined number of bits.
[0027] "Disadvantage," as used herein, may be deter-
mined as a function of, for instance, a ratio of a target
value to an actual value for a given node. For example,
when disadvantage is measured as a function of through-
put, spectral efficiency, data rate, or some other param-
eter where higher values are desirable, then when the
node is disadvantaged, the actual value will be relatively
lower than the target value. In such cases, a weighted

value indicative of the level of disadvantage of the node
may be a function of the ratio of the target value to the
actual value. In cases where the parameter based upon
which disadvantage is based is desired to be low (e.g.,
latency), a reciprocal of the ratio of the target value to
the actual value may be utilized to generate the weight.
As used herein, a node that is described as having a
"better" condition relative to another node may be under-
stood to have a lesser level of disadvantage (e.g., the
node with the better condition has less interference, less
latency, a higher data rate, higher throughput, higher
spectral efficiency, etc., than another node to which it is
compared).
[0028] Using RUMs, a receiving node (such as an ac-
cess point) can block interfering nodes that cause it too
much interference. In other words, the receiving node
can request other nodes from transmitting on the carrier.
In network designs where the bandwidth contains only
one carrier, when an RUM is sent by a receiving node,
the whole bandwidth is blocked for its intended access
terminal. With a multicarrier communication system, in
which the available bandwidth is divided into separate
portions-each of which is referred to as a carrier or chan-
nel; only certain carriers may be blocked so that the re-
ceiving node may still achieve its desired throughput
while limiting the impact on the rest of the system.
[0029] For example, the available bandwidth in a mul-
ticarrier communication system may be divided into four
(4) carriers. Each transmitting node may then be sched-
uled to transmit over one (1) or more carriers, thereby
allowing better sharing of the resources. In order to en-
sure that interference avoidance happens in a fair man-
ner--that is, to ensure that all nodes get a fair share of
transmission opportunities, the RUM may contain a list
of carriers upon which a receiving node desires reduced
interference, as well as the aforementioned weight infor-
mation, as described herein. The weight of a given re-
ceiving node can be utilized to calculate the fair share of
resources for allocation to the node.
[0030] FIG. 2 illustrates an exemplary request-grant
events sequence 200 that involves the use of RUMs to
facilitate resource allocation, in accordance with one or
more aspects described herein. In the example shown
in the figure, an associated pair of nodes 290 includes
an access terminal 292 and a first access point 1 294,
as well as a second access point 2 296 that is unasso-
ciated with the associated pair of nodes 290.
[0031] The sequence 200 starts with 204 and 206, dur-
ing which the access point 1 294 and the access point 2
296 each generates an RUM to be broadcast to other
nodes, including access terminal 292. The RUM includes
a weight that indicates how disadvantaged the access
points are as well as which carriers over which the access
point wishes to block other nodes from transmitting, as
further described herein with reference to FIG. 3.
[0032] In 212, the access point 1 294 and the access
point 2 296 broadcasts their respective RUM to nodes
such as access terminal 292.
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[0033] In 222, the access terminal 292 processes all
RUMs received in 212. The RUM processing that is per-
formed by the access terminal 292 is described herein
with reference to FIG. 5.
[0034] In 232, if the access terminal 292 determines
there are carriers available after processing the received
RUMs, then it will determine the carriers for which it wish-
es to send a request to transmit upon from the access
point 1 294 in 242.
[0035] In 252, a request to transmit is sent from the
access terminal 292 to the access point 1 294. The re-
quest can include a list of carriers over which the access
terminal 292 would like to transmit data. The sequence
of events 200 may be performed in view of a plurality of
constraints that may be enforced during a communication
event. For example, the access terminal 292 may request
any carrier(s) that have not been blocked by an RUM in
a previous time slot. The requested carriers may be pri-
oritized with a preference for a successful carrier in a
most recent transmission cycle.
[0036] In 264, the access point 1 294 determines the
carriers that it will grant the access terminal 292 to trans-
mit over based on the request received from the access
terminal 292. The grant could include all or a subset of
the requested carriers. Thus, the grant from the access
point 1 294 may be a subset of the carriers listed in the
request sent by the access terminal 292. The access
point 1 294 can be endowed with authority to avoid car-
riers exhibiting high interference levels during a most re-
cent transmission.
[0037] In 272, the access point 1 294 may then send
a grant message to the access terminal 292, which indi-
cates that all or a subset of the requested carriers have
been granted.
[0038] In 282, the access terminal 292 may then trans-
mit a pilot message to the access point 1 294, upon re-
ceipt of which the access point 1 294 may transmit rate
information back to the access terminal 292, to facilitate
mitigating an undesirably low SINR. Upon receipt of the
rate information, the access terminal 292 may proceed
with data transmission over the granted carriers and at
the indicated transmission rate. Further, when transmit-
ting, the access terminal 292 may send data over the all
or a subset of carriers granted in the grant message. The
access terminal 292 may reduce transmission power on
some or all carriers during its transmission of data.
[0039] FIG. 3 is an illustration of a methodology 300
that for generating an RUM, in accordance with various
aspects described above. The methodology for achiev-
ing fairness among contending nodes is performed by
adjusting a number of carriers for which to transmit an
RUM according to a level of disadvantage associated
with a given node, in accordance with one or more as-
pects. As described herein, an RUM is sent out by a re-
ceiving node such as an access point to indicate that it
is experiencing poor communication conditions and
wants a reduction in the interference it faces. The RUM
includes a weight that quantifies the degree of disadvan-

tage that the node is experiencing. According to an as-
pect, the weight may be set as a function of a threshold
referred to as the RUM sending threshold (RST). In an-
other aspect, the weight may be set to the average
throughput. Here, RST is the average throughput that
the node desires. When a transmitting node such as an
access terminal hears multiple RUMs, it may utilize re-
spective weights to resolve the contention between them.
If, for example, an access terminal receives multiple
RUMs and the RUM with the highest weight originated
from the access terminal’s own access point, then it may
decide to transmit a request to send data to its access
point. If not, the access terminal may refrain from trans-
mitting.
[0040] The RUM allows an access point to clear inter-
ference in its immediate neighborhood because the
nodes that receive the RUM may be induced to refrain
from transmitting. While weights allow for a fair conten-
tion (e.g., an access point with the greatest disadvantage
wins), having a multi-carrier MAC may provide another
degree of freedom. Specifically, when a system supports
multiple carriers, the RUM may carry a CM (i.e., bitmask)
in addition to the weight. The CM indicates the carriers
on which this RUM is applicable. The number of carriers
for which an access point may send RUMs may be based
on its degree of disadvantage to allow nodes with very
poor history to catch up more rapidly. When the RUMs
are successful and the transmission rate received by the
access point in response thereto improves its condition,
the access point may reduce the number of carriers for
which it sends RUMs. If, due to heavy congestion, the
RUMs do not succeed initially and throughput does not
improve, the access point may increase the number of
carriers for which it sends RUMs. In a very congested
situation, a access point may become highly disadvan-
taged and may send RUMs for all carriers, thereby de-
generating to the single carrier case.
[0041] At 302, a level of disadvantage may be deter-
mined for an access point and an RUM may be generated
to indicate the level of disadvantage to other nodes within
"listening" range (i.e., whether they send data to the ac-
cess point or not), wherein the RUM comprises informa-
tion that indicates that a first predetermined threshold
has been met or exceeded. The first predetermined
threshold may represent, for instance, a level of interfer-
ence over thermal noise (IOT), a data rate, a C/I ratio, a
level of throughput, a level of spectral efficiency, a level
of latency, or any other suitable measure by which a serv-
ice at the first node may be measured.
[0042] At 304, the RUM may be weighted in order to
indicate a degree to which a second predetermined
threshold has been exceeded. The second predeter-
mined threshold may represent for instance, a level of
IOT noise, a data rate, a C/I ratio, a level of throughput,
a level of spectral efficiency, a level of latency, or any
other suitable measure by which a level of service at the
first node may be measured. According to some aspects,
the weight value may be a quantized value. Although the
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first and second predetermined thresholds may be sub-
stantially equal, they need not be.
[0043] The weight information carried in each RUM is
intended to convey to all nodes within listening range the
degree to which the access point has been starved for
bandwidth due to interference from other transmissions.
The weight may represent a degree of disadvantage and
may be larger when the access point has been more
disadvantaged and smaller when less disadvantaged.
The degree of disadvantage may be derived using a va-
riety of factors. As an example, if throughput is used to
measure the degree of disadvantage, then one possible
relationship may be represented as:

where Rtarget represents the desired throughput, Ractual
is the actual throughput being achieved, and Q(x) repre-
sents the quantized value of x. When there is a single
flow at the access point, then Rtarget may represent the
minimum desired throughput for that flow, and Ractual
may represent the average throughput that has been
achieved for that flow. Note that higher value weights
representing a greater degree of disadvantage is a matter
of convention. As an example, assuming that a desired
throughput for a node is 500kbps. However, the node
only achieves an actual throughput of 250kbps. In this
case, the weight may be calculated based on the node
needing twice the current amount of throughput
(500kbps/250kbps = 2) to reach the desired throughput.
[0044] In a similar manner, a convention where higher
value weights represent lower degree of disadvantage
may be utilized as long as the weight resolution logic is
appropriately modified. For example, one could use the
ratio of actual throughput to target throughput (the in-
verse of the example shown above) to calculate the
weights. Thus, using the above values, the ratio would
be 250kbps/500kbps, which would be ©, or 50% of the
targeted throughput.
[0045] When there are multiple flows at the access
point, with potentially different Rtarget values, then the
access point may choose to set the weight based on the
most disadvantaged flow. For example:

where j is the flow index at the access point. Other op-
tions, such as basing the weight on the sum of the flow
throughput, may be performed as well. Note that the func-
tional forms used for the weights in the above description

are purely for illustration. The weight may be calculated
in a variety of different manners and using different met-
rics other than throughputs. According to a related as-
pect, the access point can determine whether it has data
outstanding from a sender (e.g., a transmitter). This is
true if it has received a request, or if it has received a
prior request that it has not granted. In this case, the
access point can send out an RUM when Ractual is below
Rtarget.
[0046] Further, the weight may be normalized with re-
spect to a maximum and minimum value. For example,
the weight may be normalized to be a value between 0
and 1. The normalized values may be determined based
on the received RUM weights, with the highest received
RUM weight being set to the value of 1, while the lowest
received RUM weight being set to the value of 0.
[0047] An additional dimension for collision avoidance
can be realized if a list of carriers in the RUM over which
the node desires to reduce interference is included along
with the weight in an RUM, which may be useful when a
receiving node such as an access point needs to sched-
ule the receipt of a small amount of data over a part of
the channel and does not want other nodes to back off
from the entire channel. The list of carriers may be im-
plemented with a bitmask that contains information about
which carriers the access point would like to block. When
each RUM is augmented with the bitmask--also referred
to herein as a carrier mask (CM), a node may reduce
interference from its neighboring nodes (e.g., access
points or access terminals) over a subset of carriers, rath-
er than all the carriers. This aspect may provide finer
granularity in the collision avoidance mechanism, which
may be important for bursty traffic. Further, the CM may
also be used in the generation of requests to transmit by
an access terminal in requesting a portion of the channel,
as well as the generation of grants to the request by an
access point in responding to the requests (e.g., the re-
sponse may be the grant of a portion of the channel).
[0048] Referring to FIG. 4, where the bandwidth is be-
ing divided into 4 carriers, a CM 400 contained in an RUM
will have the form XXXX, where each X is a bitmap that
may be a "1", indicating that the carrier to which it refers
is blocked, or a "0", indicating that the carrier to which it
refers is not blocked. Further, in the described exemplary
implementation, where the carriers are numbered "0",
"1", "2", "3", a left-most bit 402 in the CM 400 is the bit-
mask for carrier "3", a second bit 404 located to the right
of the left-most bit 402 is the bitmask for carrier "2", a
third bit 406 located to the right of the second bit 404 is
the bitmask for carrier "1", and a fourth bit 408 located
to the right of the third bit 406 is the bitmask for carrier
"0". For the aspect in which the whole bandwidth may be
blocked by an RUM, the RUM will contain a CM with all
"1’s" indicating that the access point wants to block every
carrier in the bandwidth. Still other aspects provide for
employing a CM to indicate a number of carriers allocated
to the access point. For instance, a 6-bit mask may be
utilized to indicate that RUMs may be sent for up to six
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carriers. The access point may additionally request that
an interfering node refrain from transmitting over all or a
subset of the allocated subcarriers.
[0049] At 306 and 308, during the creation of the CM
to implement partial bandwidth blocking, two of the var-
iables that need to be determined are the number of car-
riers that should be blocked by the access point as well
as the specific identity of the carriers that should be
blocked.
[0050] At 310, the weighted and masked RUM may be
transmitted to one or more other nodes. As discussed
herein, when a node hears the RUM, it needs to obey
the RUM only with respect to the carriers specified in the
carrier mask. For example, when an access terminal
needs to obey multiple RUMs from different access
points, it must perform an ’OR’ operation on the carriers
in all the RUM carrier masks - the complement of this
mask indicating the carriers that the access terminal is
able to request from an access point. Further, an access
point will also consider the RUMs from other access
points only with respect to the carriers specified in the
carrier mask of each RUM.
[0051] Referring again to FIG. 2, the operation of an
access terminal such as access terminal 292 in request-
ing bandwidth in 222, 232 and 242 is now described with
reference to FIG. 5, with reference also being made to
FIG. 6. In 502, the access terminal 292 receives and col-
lects the RUMs sent by any access point, including its
associated access point 1 294.
[0052] In 504, in an aspect of the operation of the ac-
cess terminal 292, the access terminal 292 considers
only those RUMs that have a weight higher than the
weight of the access point associated with the access
terminal 292 (i.e., access point 1 294) from the received
RUMs. Consider the example where the access terminal
292 has received RUMs from three access points in ad-
dition to one from access point 1 294, its associated ac-
cess point--each of these three other RUMs having a
weight higher than the weight of the RUM from the access
point 1 294. These three RUMs have CMs of CM 602
("1001"), CM 604 ("1000"), and CM 606 ("0010"), follow-
ing the exemplary CM form as described in FIG. 4. Fur-
ther, assume that, based on the weights of the three
RUMs, the access terminal 292 must take these RUMs
into account. Thus, the access terminal 292 must process
the CMs contained in the three RUMs.
[0053] In 506, assuming that the access terminal 292
must consider and process the three received RUMs, the
access terminal 292 will performs an "OR" operation
across the CMs of these RUMs to create a composite
CM 612 (i.e., a composite carrier mask). Continuing the
above example, the composite CM 612 is "1011". In one
aspect, the CM from the associated access point of the
access terminal 292 is not utilized.
[0054] In 508, to determine if there are any carriers on
which the access terminal 292 can request bandwidth,
the access terminal 292 performs a "NOT" operation on
the composite CM 612 to create an inverted composite

CM (I-CM) 622 that will indicate which carriers are avail-
able. The I-CM 622 may be used by the access terminal
292 in its request for bandwidth from access point 1 294.
[0055] In 510, it is determined if there are carriers over
which the access terminal 292 can request bandwidth.
In one aspect of the exemplary operation of the access
terminal 292, the access terminal 292 will determine if
there are any carriers that are not blocked through the
use of the I-CM 622. For example, if there is at least a
single "1 value in the I-CM 622, then there is at least one
carrier available.
[0056] In 512, if there are available carriers, the access
terminal 292 will create a request CM (R-CM) 632. In one
aspect, the R-CM 632 is set to be the I-CM 622 created
in 510. Continuing the example above where the band-
width is divided among four (4) carriers, the R-CM 632
will also have the same form as the CM 400, which is the
form "XXXX", where each "X" may be a "1", indicating
that the access terminal 292 is requesting to transmit on
that carrier, or a "0", indicating that the access terminal
292 is not requesting to transmit on that carrier. Thus, a
CM having the value "0100" may be sent in the request
to the access point 1 294. In other words, the access
terminal 292 will consider carriers "3", "1", and "0" as
blocked, with carrier "2" being open. Should the access
terminal 292 decide to request bandwidth; the R-CM 632
would be "0100"
[0057] In another aspect, the R-CM 632 is based on,
but not identical to the I-CM 622, as illustrated by FIG.
7, where a process 700 to determine how many carriers
to be placed in a request to transmit by the access ter-
minal 292 to the access point 1 294 is illustrated. The
figure may also be used to describe the number of car-
riers that the access point 1 294 will grant the access
terminal 292, as further explained herein.
[0058] In 702, the access terminal 292 will determine
a number of carriers that it will request. This determina-
tion may be based on the amount of traffic that the access
terminal 292 wishes to transmit. Such determination may
also be based on, for instance, need associated with in-
terference experienced at the access terminal, or any
other suitable parameter (e.g., latency, data rate, spectral
efficiency, etc.)
[0059] According to other aspects, if a weight is asso-
ciated with each node, the determination of the number
of carriers desired for a given transmission may be a
function of the weight associated with the node, a function
of weights associated with other nodes requesting carri-
ers, a function of a number of carriers available for trans-
mission, or any combination of the preceding factors. For
example, a weight may be a function of a number of flows
through the node, a level of interference experienced at
the node, etc. According to other aspects, carrier selec-
tion may comprise partitioning carriers into one or more
sets, and may be based in part on a received RUM that
indicates that one or more carriers in a set of carriers is
unavailable. The RUM may be evaluated to determine
whether a given carrier is available (e.g., is not identified
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by the RUM). For example, a determination may be made
that a given carrier is available if it is not listed in the
RUM. Another example is that a carrier is deemed avail-
able even if an RUM was received for that carrier, but
the advertised weight for that carrier was lower than the
weight advertised in the RUM sent by the node’s receiver.
[0060] In 704, the access terminal 292 will determine
the specific carriers it will request in the R-CM, which
may depend on specific carriers designated for particular
traffic types or predetermined selection criteria. In one
aspect, the carriers that are selected are a function (e.g.,
a subset) of the available carriers determined in step 510.
Carrier selection may also be performed with a prefer-
ence for available carriers. For instance, carriers that are
known to have been available in a preceding transmis-
sion period may be selected before carriers that were
occupied in the preceding transmission period. It should
be noted that the sequence of operations illustrated by
702 and 704 may be reversed or combined in that the
total number of carriers that may be requested may be
dictated by the carriers available. For example, if there
is only one carrier available for selection, then the se-
quence of operations illustrated by 702 and 704 may be
merged.
[0061] In 706, the request will be sent after the R-CM
has been constructed. In the above example, the only
configuration possible of the R-CM is "0100" as there is
only one carrier available. In another example, if all four
carriers are available, and the access terminal 292 wish-
es to transmit over carriers 0, 1 and 3, then a R-CM of
"1101" would be created.
[0062] Referring back to FIG. 5, in 514, the access ter-
minal 292 will send a request to the access point 1 294
that will carry the R-CM that lists the carriers over which
the access terminal 292 intends to transmit data. The
request may be a request for a first plurality of carriers
that were not blocked in a most recent time slot, a request
for a second plurality of carriers if the first plurality of
carriers is insufficient for data transmission. The request
message sent at 514 may additionally be power-control-
led to ensure a desired level of reliability at the access
point 1 294.
[0063] In 516, if there are no available carriers, then
the access terminal 292 will return to a "standby" mode
to await the next RUM message broadcast or any mes-
sage from the access point 1 294.
[0064] FIG. 8 illustrates a methodology 800 for
processing requests, and generating a grant for a request
to transmit, such as the access point 1 294 in 264, in
accordance with one or more aspects. As discussed,
each access terminal (e.g., access terminal 292) that has
traffic to send may send a request to their respective
access point (e.g., access point 1 294) unless it is blocked
by an RUM from another access point. Based on the
requests received by the access point 1 294, the access
point 1 294 may decide to grant a given request on one
or more requested carriers.
[0065] In 802, the access point 1 294 assesses re-

quests. If no requests have been received, then in 804
the access point 1 294 will refrain from sending a grant
message.
[0066] If at least one request has been received from
an access terminal, then in 810, the access point 1 294
will determine the number and selection of the carriers it
will grant in response to the request. The process illus-
trated in FIG. 7 as described above with reference to the
generation of a request to transmit by an access terminal
(e.g., access terminal 292) may also be used to describe
the selection of the carriers to be granted in response to
the request. In 702, the access point 1 294 will determine
the number of carriers it will assign to each access ter-
minal (e.g., access terminal 292) as a part of its process
of assigning bandwidth to all the access terminals that it
serves from which it has received a request. Then, in
704, the access point access point 1 294 will determine
the specific carrier(s), if any, over which it will grant each
access terminal (e.g., access terminal 292) permission
to transmit.
[0067] In an aspect, an access point is limited in its
ability to assign carriers in the grant in response to each
request from an access terminal. For example, the ac-
cess point 1 294 may be limited to assigning only the
carriers that correspond to the carriers found in the R-
CM contained in the previously received request from
the access terminal 292. In other words, the access point
may assign to a particular access terminal only the car-
riers found in the group of carriers listed by the CM con-
tained in the previous request (i.e., R-CM) from a partic-
ular access terminal.
[0068] In 812, once all possible grants are generated
in 810, then they are sent to their respective requesting
access terminals (e.g., the access terminal 292).
[0069] According to related aspects, an access point
may periodically and/or continuously assess whether it
has data outstanding from one or more of the access
terminals that it serves. This is true if the access point
has received a current request or if it has received a prior
request that it has not granted. In either case, the access
point may send out a grant when the access point deter-
mines that such a grant is warranted. Further, based on
a determined grant rate (e.g., whenever the average
transmission rate is below a target rate), the access point
may send an RUM to reserve more bandwidth for its as-
sociated access terminals. Additionally, upon the receipt
of the grant, the access terminal may transmit a data
frame, which may be received by the access point.
[0070] FIG. 9 shows an exemplary wireless communi-
cation system 900. The wireless communication system
900 depicts one access point and one terminal for sake
of brevity. However, it is to be appreciated that the system
can include more than one access point and/or more than
one terminal, wherein additional access points and/or ter-
minals can be substantially similar or different for the ex-
emplary access point and terminal described below. In
addition, it is to be appreciated that the access point
and/or the terminal can employ the methods and/or sys-
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tems described herein to facilitate wireless communica-
tion there between. For example, nodes in the system
900 (e.g., access point and/or terminal) may store and
execute instructions for performing any of the above-de-
scribed methods (e.g., generating RUMS, responding to
RUMS, determining node disadvantage, selecting a
number of carriers for RUM transmission, etc.) as well
as data associated with performing such actions and any
other suitable actions for performing the various proto-
cols described herein.
[0071] Referring now to FIG. 9, on a downlink, at ac-
cess point 905, a transmit (TX) data processor 910 re-
ceives, formats, codes, interleaves, and modulates (or
symbol maps) traffic data and provides modulation sym-
bols ("data symbols"). A symbol modulator 915 receives
and processes the data symbols and pilot symbols and
provides a stream of symbols. Specifically, the symbol
modulator 915 multiplexes data and pilot symbols and
provides them to a transmitter unit (TMTR) 920. Each
transmit symbol may be a data symbol, a pilot symbol,
or a signal value of zero. The pilot symbols may be sent
continuously in each symbol period. The pilot symbols
can be frequency division multiplexed (FDM), orthogonal
frequency division multiplexed (OFDM), time division
multiplexed (TDM), frequency division multiplexed
(FDM), or code division multiplexed (CDM).
[0072] TMTR 920 receives and converts the stream of
symbols into one or more analog signals and further con-
ditions (e.g., amplifies, filters, and frequency upconverts)
the analog signals to generate a downlink signal suitable
for transmission over the wireless channel. The downlink
signal is then transmitted through an antenna 925 to the
terminals. At terminal 930, an antenna 935 receives the
downlink signal and provides a received signal to a re-
ceiver unit (RCVR) 940. Receiver unit 940 conditions
(e.g., filters, amplifies, and frequency downconverts) the
received signal and digitizes the conditioned signal to
obtain samples. A symbol demodulator 945 demodulates
and provides received pilot symbols to a processing sys-
tem 950 for channel estimation. Symbol demodulator 945
further receives a frequency response estimate for the
downlink from processing system 950, performs data de-
modulation on the received data symbols to obtain data
symbol estimates (which are estimates of the transmitted
data symbols), and provides the data symbol estimates
to an RX data processor 955, which demodulates (i.e.,
symbol demaps), deinterleaves, and decodes the data
symbol estimates to recover the transmitted traffic data.
The processing by symbol demodulator 945 and RX data
processor 955 is complementary to the processing by
symbol modulator 915 and TX data processor 910, re-
spectively, at access point 905.
[0073] On the uplink, a TX data processor 960 proc-
esses traffic data and provides data symbols to a symbol
modulator 965 that receives and multiplexes the data
symbols with pilot symbols, performs modulation, and to
create a stream of symbols. A transmitter unit 970 then
receives and processes the stream of symbols to gener-

ate an uplink signal, which is transmitted by the antenna
935 to the access point 905.
[0074] At access point 905, the uplink signal from ter-
minal 930 is received by the antenna 925 and processed
by a receiver unit 975 to obtain samples. A symbol de-
modulator 980 then processes the samples and provides
received pilot symbols and data symbol estimates for the
uplink. An RX data processor 985 processes the data
symbol estimates to recover the traffic data transmitted
by terminal 930. A processing system 990 performs
channel estimation for each active terminal transmitting
on the uplink. Multiple terminals may transmit pilot con-
currently on the uplink on their respective assigned sets
of pilot subbands, where the pilot subband sets may be
interlaced.
[0075] Processing systems 990 and 950 direct (e.g.,
control, coordinate, manage, etc.) operation at access
point 905 and terminal 930, respectively. Respective
processing systems 990 and 950 can be associated with
memory units (not shown) that store program codes and
data. Processing systems 990 and 950 can also perform
computations to derive frequency and impulse response
estimates for the uplink and downlink, respectively. The
processing systems 990 and 950 may include one or
more processors. A processor may be a general purpose
microprocessor, a microcontroller, a Digital Signal Proc-
essor (DSP), an Application Specific Integrated Circuit
(ASIC), a Field Programmable Gate Array (FPGA), digital
signal processing devices (DSPDs), a Programmable
Logic Device (PLD), logic circuits, discrete hardware
components, or any other suitable entity that can perform
calculations or other manipulations of information.
[0076] The processing system may also include one
or more machine-readable media provide data storage,
including look up tables for translating identifiers to IP
addresses for access terminal applications, and/or to
support software applications. Software shall be con-
strued broadly to mean instructions, programs, code, or
any other electronic media content whether referred to
as software, firmware, middleware, microcode, hardware
description language, or otherwise. Machine-readable
media may include storage integrated with a processor,
such as might be the case with an ASIC. Machine-read-
able media may also include storage external to a proc-
essor, such as a Random Access Memory (RAM), a flash
memory, a Read Only Memory (ROM), a Programmable
Read-Only Memory (PROM), an Erasable PROM
(EPROM), registers, a hard disk, a removable disk, a CD-
ROM, a DVD, or any other suitable storage device. In
addition, machine-readable media may include a trans-
mission line or a carrier wave that encodes a data signal.
Those skilled in the art will recognize how best to imple-
ment the described functionality for the processing sys-
tem.
[0077] For a multiple-access system (e.g., FDMA,
OFDMA, CDMA, TDMA, etc.), multiple terminals can
transmit concurrently on the uplink. For such a system,
the pilot subbands may be shared among different ter-
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minals. The channel estimation techniques may be used
in cases where the pilot subbands for each terminal span
the entire operating band (possibly except for the band
edges). Such a pilot subband structure would be desir-
able to obtain frequency diversity for each terminal. The
techniques described herein may be implemented by var-
ious means. For example, these techniques may be im-
plemented in hardware, software, or a combination there-
of.
[0078] Now turning to FIGs. 10-12 and to the various
modules described with regard thereto, it will be appre-
ciated that a module for transmitting may comprise, for
example, a transmitter, and/or may be implemented in a
processor, etc. Similarly, a module for receiving may
comprise a receiver and/or may be implemented in a
processor, etc. Additionally, a module for comparing, de-
termining, calculating, and/or performing other analytical
actions, may comprise a processor that executes instruc-
tions for performing the various and respective actions.
[0079] FIG. 10 is an illustration of a channel selection
apparatus 1000 that facilitates wireless data communi-
cation, in accordance with various aspects. The channel
selection apparatus 1000 is represented as a series of
interrelated functional blocks that can represent func-
tions implemented by a processor, software, or combi-
nation thereof (e.g., firmware). For example, the channel
selection apparatus 1000 may provide modules for per-
forming various acts such as are described above with
regard to the various figures. The channel selection ap-
paratus 1000 comprises a module for determining 1002
a number of carriers desired for transmission by a node
such as an access terminal. When used for an access
point, the module for determining 1002 may also deter-
mine a number of carriers to be granted based on the
requested desired number of channels. The determina-
tion may be performed as a function of a weight associ-
ated with a node in which the apparatus is employed, a
weight associated with one or more other nodes, a
number of carriers available for transmission, etc. Addi-
tionally, each weight may be a function of a number of
flows supported by the node associated with the weight.
Additionally or alternatively, a given weight may be a
function of interference experienced by the node.
[0080] The channel selection apparatus 1000 addition-
ally comprise a module for selecting 1004 that selects
carriers for which the node may transmit a request. The
module for selecting 1004 additionally may evaluate a
received RUM to determine which carriers are available
and which are not. For instance, each RUM may com-
prise information associated with unavailable carriers,
and the module for selecting 1054 may determine that a
given carrier that is not indicated by the RUM is available.
A module for sending 1006 may transmit a request for at
least one carrier selected by the module for selecting
1004. It will be appreciated that the channel selection
apparatus 1000 may be employed in an access point or
an access terminal, and may comprise any suitable func-
tionality to carry out the various methods described here-

in.
[0081] FIG. 11 is an illustration of an RUM generation
apparatus 1100 that facilitates wireless communication
using RUMs in accordance with one or more aspects.
The RUM generation apparatus 1100 is represented as
a series of interrelated functional blocks, which can rep-
resent functions implemented by a processor, software,
or combination thereof (e.g., firmware). For example, the
RUM generation apparatus 1100 may provide modules
for performing various acts such as are described above
with regard to previous figures. The RUM generation ap-
paratus 1100 comprises a module for determining 1102
that determines a level of disadvantage for a node, and
a module for generating an RUM 1104 that generates an
RUM if the module for determining 1102 determines that
a first predetermined threshold has been exceeded (e.g.,
a level of received service at a node is at or below a
predetermined threshold level). Alternatively, the module
for determining 1102 may also or alternatively determine
if a level of interference is above a predetermined thresh-
old level before generating the RUM. The predetermined
threshold may be associated with and/or represent an
IOT, a data rate, a C/I, a level of throughput, a level of
spectral efficiency, a level of latency, etc. A module for
selecting 1108 may select one or more resources for
which to send the RUM, and the module for generating
the RUM 1104 may then indicate such carriers in the
RUM. A module for transmitting 1110 may then transmit
the RUM.
[0082] The RUM generation apparatus 1100 may ad-
ditionally comprise a module for weighting the RUM
1106, which may weight the RUM with a value indicative
of a degree to which a second predetermined threshold
has been exceeded, which may comprise determining a
ration of an actual value of a parameter (e.g., IOT, a data
rate, C/I, a level of throughput, a level of spectral efficien-
cy, a level of latency, etc.) achieved at the node to a
target, or desired, value. Additionally, the weighted value
may be a quantized value.
[0083] The module for selecting resources 1108 may
adjust a number of selected resources for which a sub-
sequent RUM is transmitted based on a determination
by the module for determining 1102 that the level of re-
ceived service has improved in response to a previous
RUM. For instance, in such a scenario, the module for
selecting 1108 may reduce a number of resources indi-
cated in a subsequent RUM in response to an improved
level of received service at the node, and may increase
a number of selected resources in response to a de-
creased or static level of received service. The resources
could involve the number and identity of the carriers that
are selected to be included in the RUM (e.g., in the CM
of the RUM).
[0084] It will be appreciated that the RUM generation
apparatus 1100 may be employed in an access point, an
access terminal, etc., and may comprise any suitable
functionality to carry out the various methods described
herein.
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[0085] FIG. 12 is an illustration of a comparison appa-
ratus 1200 that facilitates comparing relative conditions
at nodes in a wireless communication environment to
determine which nodes are most disadvantaged, in ac-
cordance with one or more aspects. The comparison ap-
paratus 1200 is represented as a series of interrelated
functional blocks, which can represent functions imple-
mented by a processor, software, or combination thereof
(e.g., firmware). For example, the comparison apparatus
1200 may provide modules for performing various acts
such as are described above with regard to various fig-
ures. The comparison apparatus 1200 may be employed
in a first node and comprises a module for receiving
RUMs 1202 that receives RUMs from at least one second
node. The comparison apparatus 1200 may additionally
comprise a module for determining condition 1204 that
determines a condition of the second node based on in-
formation associated with an RUM received from the sec-
ond node, and a module for comparing 1206 that com-
pares a condition of the first node to the determined con-
dition of the second node. The module for determining
1204 may then further determine whether to transmit data
over a first carrier based on the comparison.
[0086] According to various other aspects, the deter-
mination of whether to transmit may be based on whether
the first node’s condition is better, substantially equal to,
or worse than the second node’s condition. Additionally,
the module for determining 1204 may transmit a data
signal over the first carrier, a request-to-send message
over the first carrier, or a request-to-send message over
a second carrier. In the latter case, the request-to send
message sent over the second carrier may comprise a
request to transmit data over the first carrier. It will be
appreciated that the comparison apparatus 1200 may be
employed in an access point or an access terminal, and
may comprise any suitable functionality to carry out the
various methods described herein.
[0087] FIG. 13 is an illustration of a reservation appa-
ratus 1300 that facilitates reserving resources based on
a determined condition, in accordance with one or more
aspects. The reservation apparatus 1300 is represented
as a series of interrelated functional blocks, which can
represent functions implemented by a processor, soft-
ware, or combination thereof (e.g., firmware). For exam-
ple, the reservation apparatus 1300 may provide mod-
ules for performing various acts such as are described
above with regard to various figures. The reservation ap-
paratus 1300 may be employed in a first node and com-
prises a module 1302 for determining a condition related
to a plurality of resources. The reservation apparatus
1300 may additionally comprise a module 1304 for se-
lecting a desired set of resources from the plurality of
resources based on the condition, and a module 1306
for transmitting a signal indicating the desired set of re-
sources for which to send an RUM.
[0088] FIG. 14 is an illustration of a resource manage-
ment apparatus 1400 that facilitates managing resources
based on a received RUM, in accordance with one or

more aspects. The resource management apparatus
1400 is represented as a series of interrelated functional
blocks, which can represent functions implemented by a
processor, software, or combination thereof (e.g.,
firmware). For example, the management apparatus
1400 may provide modules for performing various acts
such as are described above with regard to various fig-
ures. The resource management apparatus 1400 may
be employed in a first node and comprises a module 1402
receiving at least one RUM, each RUM having both a
listing of a subset of a plurality of resources and a weight
associated with the listing indicating a condition related
to the plurality of resources. The resource management
apparatus 1400 may additionally comprise a module
1404 for comparing the associated weight with a second
weight, and upon comparing the associated weight with
the second weight, a module 1406 for assigning a status
to the subset of the plurality of resources based on the
comparison.
[0089] Those of skill in the art would understand that
information and signals may be represented using any
of a variety of different technologies and techniques. For
example, data, instructions, commands, information, sig-
nals, bits, symbols, and chips that may be referenced
throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic
fields or particles, optical fields or particles, or any com-
bination thereof.
[0090] Those of skill in the art would further appreciate
that the various illustrative logical blocks, modules, cir-
cuits, and algorithm steps described in connection with
the aspects disclosed herein may be implemented as
electronic hardware, computer software, or combinations
of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components,
blocks, modules, circuits, and steps have been described
above generally in terms of their functionality. Whether
such functionality is implemented as hardware or soft-
ware depends upon the particular application and design
constraints imposed on the overall system. Skilled arti-
sans may implement the described functionality in vary-
ing ways for each particular application, but such imple-
mentation decisions should not be interpreted as causing
a departure from the scope of the present disclosure.
[0091] The steps of a method or algorithm described
in connection with the aspects disclosed herein may be
embodied directly in hardware, in a software module ex-
ecuted by a processor, or in a combination of the two. A
software module may reside in RAM memory, flash mem-
ory, ROM memory, EPROM memory, EEPROM memo-
ry, registers, hard disk, a removable disk, a CD-ROM, or
any other form of storage medium known in the art. An
exemplary storage medium is coupled to the processor
such the processor can read information from, and write
information to, the storage medium. In the alternative,
the storage medium may be integral to the processor.
The processor and the storage medium may reside in an
ASIC. The ASIC may reside in a user terminal. In the
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alternative, the processor and the storage medium may
reside as discrete components in a user terminal. More-
over, in some aspects any suitable computer-program
product may comprise a computer-readable medium
having codes (e.g., executable by at least one computer)
relating to one or more of the aspects of the disclosure.
In some aspects a computer program product may com-
prise packaging materials.
[0092] The teachings herein may be incorporated into
(e.g., implemented within or performed by) a variety of
apparatuses (e.g., devices). For example, each node
may be configured, or referred to in the art, as an access
point (AP), NodeB, Radio Network Controller (RNC), eN-
odeB, Base Station Controller (BSC), Base Transceiver
Station (BTS), Base Station (BS), Transceiver Function
(TF), Radio Router, Radio Transceiver, Basic Service
Set (BSS), Extended Service Set (ESS), Radio Base Sta-
tion (RBS), or some other terminology. Certain nodes
also may be referred to as subscriber stations. A sub-
scriber station also may be known as a subscriber unit,
a mobile station, a remote station, a remote terminal, an
access terminal, a user terminal, a user agent, a user
device, or user equipment. In some implementations a
subscriber station may comprise a cellular telephone, a
cordless telephone, a Session Initiation Protocol (SIP)
phone, a wireless local loop (WLL) station, a personal
digital assistant (PDA), a handheld device having wire-
less connection capability, or some other suitable
processing device connected to a wireless modem. Ac-
cordingly, one or more aspects taught herein may be
incorporated into a phone (e.g., a cellular phone or smart
phone), a computer (e.g., a laptop), a portable commu-
nication device, a portable computing device (e.g., a per-
sonal data assistant), an entertainment device (e.g., a
music or video device, or a satellite radio), a global po-
sitioning system device, or any other suitable device that
is configured to communicate via a wireless medium.
[0093] A wireless device may communicate via one or
more wireless communication links that are based on or
otherwise support any suitable wireless communication
technology. For example, in some aspects a wireless de-
vice may associate with a network. In some aspects the
network may comprise a body area network or a personal
area network (e.g., an ultra-wideband network). In some
aspects the network may comprise a local area network
or a wide area network. A wireless device may support
or otherwise use one or more of a variety of wireless
communication technologies, protocols, or standards
such as, for example, CDMA, TDMA, OFDM, OFDMA,
WiMAX, and Wi-Fi. Similarly, a wireless device may sup-
port or otherwise use one or more of a variety of corre-
sponding modulation or multiplexing schemes. A wire-
less device may thus include appropriate components
(e.g., air interfaces) to establish and communicate via
one or more wireless communication links using the
above or other wireless communication technologies.
For example, a device may comprise a wireless trans-
ceiver with associated transmitter and receiver compo-

nents that may include various components (e.g., signal
generators and signal processors) that facilitate commu-
nication over a wireless medium.
[0094] The various illustrative logical blocks, modules,
and circuits described in connection with the aspects dis-
closed herein may be implemented within or performed
by an integrated circuit (IC), an access terminal, or an
access point. The IC may comprise a general purpose
processor, a DSP, an ASIC, a FPGA or other program-
mable logic device, discrete gate or transistor logic, dis-
crete hardware components, electrical components, op-
tical components, mechanical components, or any com-
bination thereof designed to perform the functions de-
scribed herein, and may execute codes or instructions
that reside within the IC, outside of the IC, or both. A
general purpose processor may be a microprocessor,
but in the alternative, the processor may be any conven-
tional processor, controller, microcontroller, or state ma-
chine. A processor may also be implemented as a com-
bination of computing devices, e.g., a combination of a
DSP and a microprocessor, a plurality of microproces-
sors, one or more microprocessors in conjunction with a
DSP core, or any other such configuration.
[0095] The previous description of the disclosed as-
pects is provided to enable any person skilled in the art
to make or use the present disclosure. Various modifica-
tions to these aspects will be readily apparent to those
skilled in the art, and the generic principles defined herein
may be applied to other aspects without departing from
the scope of the present disclosure. Thus, the present
disclosure is not intended to be limited to the aspects
shown herein but is to be accorded the widest scope
consistent with the principles and novel features dis-
closed herein.

Claims

1. A method of wireless communication, said method
comprising the steps of:

receiving (502) resource utilization messages,
RUM, from one or more RUM sending nodes
(294, 296) at a RUM receiving node (292) upon
determining by said one or more RUM sending
nodes (294, 296) a condition related to a plurality
of resources, wherein said RUMs indicate a
number of resources that are selected to be
blocked based on the condition; and
determining (506) a composite resource mask
(612) at said RUM receiving node (292), and
determining (508) at said RUM receiving node
(292) an inverted composite resource mask
(622), that indicates which resources are avail-
able; and
transmitting (514) a request to one of the RUM
sending nodes (294, 296), said request indicat-
ing the set of available resources in accordance
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with said inverted composite resource mask
over which the RUM receiving node (292) in-
tends to transmit.

2. The method of claim 1, wherein the condition com-
prises at least one of a level of interference over ther-
mal noise, IOT, a carrier-to-interference ratio, C/I,
and a level of spectral efficiency for the plurality of
resources.

3. The method of claim 1, wherein the condition com-
prises a quality of service, QoS, requirement for the
plurality of resources, wherein the QoS requirement
comprises at least one of a data rate, an amount of
data to transmit, a level of latency, and a traffic class.

4. The method of claim 1, wherein the transmitted re-
quest comprises an element list comprising a plural-
ity of elements, each of the elements being associ-
ated with the condition.

5. The method of claim 1, wherein the transmitted re-
quest comprises at least one element list, wherein
each element list comprises at least one resource
associated with a quality of service requirement.

6. The method of claim 1, wherein the plurality of re-
sources comprises at least one resource from a
group consisting of a plurality of interlaces, a plurality
of time slots, and a plurality of frequencies.

7. An apparatus comprising:

means for receiving (975) resource utilization
messages, RUM, from one or more RUM send-
ing nodes (294, 296) at a RUM receiving node
(292) upon determining by said one or more
RUM sending nodes (294, 296) a condition re-
lated to a plurality of resources, wherein said
RUMs indicate a number of resources that are
selected to be blocked based on the condition;
and
means for determining a composite resource
mask at said RUM receiving node (292), and
means for determining at said RUM receiving
node (292) an inverted composite resource
mask that indicates which resources are avail-
able; and
means for transmitting (920) a request to one of
the RUM sending nodes (294, 296), said request
indicating the set of available resources in ac-
cordance with said inverted composite resource
mask over which the RUM receiving node (292)
intends to transmit.

8. The apparatus of claim 7, wherein the condition com-
prises at least one of a level of interference over ther-
mal noise, IOT, a carrier-to-interference ratio, C/I,

and a level of spectral efficiency for the plurality of
resources.

9. The apparatus of claim 7, wherein the condition com-
prises a quality of service, QoS, requirement for the
plurality of resources, wherein the QoS requirement
comprises at least one of a data rate, an amount of
data to transmit, a level of latency, and a traffic class.

10. The apparatus of claim 7, wherein the transmitted
request comprises an element list comprising a plu-
rality of elements, each of the elements being asso-
ciated with the condition.

11. The apparatus of claim 7, wherein the transmitted
request comprises at least one element list, wherein
each element list comprises at least one resource
associated with a quality of service requirement.

12. The apparatus of claim 7, wherein the plurality of
resources comprises at least one resource from a
group consisting of a plurality of interlaces, a plurality
of time slots, and a plurality of frequencies.

13. The apparatus of claim 7, wherein the RUM-receiv-
ing node is an access terminal and the RUM sending
nodes are access points.

14. The apparatus of claim 7, wherein the RUM-receiv-
ing node is an access point and the RUM sending
nodes are access points.

15. A computer program product for wireless communi-
cation comprising:

a computer readable medium comprising codes
executable to carry out the steps of the method
of any of the claims 1 to 6.

Patentansprüche

1. Ein Verfahren zur drahtlosen Kommunikation, wobei
das Verfahren die folgenden Schritte aufweist:

Empfangen (502) von Resourcen-Verwen-
dungsnachrichten, RUM (RUM = resource utili-
zation message), von einem oder mehreren
RUM sendenden Knoten (294, 296) an einem
RUM empfangenden Knoten (292) beim Be-
stimmen einer Bedingung durch den einen oder
die mehreren RUM sendenden Knoten (294,
296) bezüglich einer Vielzahl von Resourcen,
wobei die RUMs eine Anzahl von Resourcen an-
zeigen, die auswählbar sind um blockiert zu wer-
den, basierend auf der Bedingung; und
Bestimmen (506) einer composite resource
mask (612) (composite resource mask = zusam-
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mengesetzte Resourcenmaske) an dem RUM
empfangenden Knoten (292), und
Bestimmen (508) einer invertierten composite
resource mask (622) an dem RUM empfangen-
den Knoten (292), die anzeigt welche Resour-
cen verfügbar sind; und
Senden (514) einer Anfrage zu einem der RUM
sendenden Knoten (294, 296), wobei die Anfra-
ge einen Satz von verfügbaren Resourcen an-
zeigt, in Übereinstimmung mit der invertierten
composite resource mask über die der RUM
sendende Knoten (292) beabsichtigt zu senden.

2. Das Verfahren nach Anspruch 1, wobei die Bedin-
gung wenigstens einen Interferenzpegel über dem
thermischen Rauschen, einen IOT, oder ein Träger-
zu-Interferenzverhältnis, C/I (C/I = carrier-to-interfe-
rence ratio), aufweist und einen spektralen Effizienz-
pegel für die Vielzahl von Resourcen aufweist.

3. Das Verfahren nach Anspruch 1, wobei die Bedin-
gung eine Quality of Service, QoS, Anforderung für
die Vielzahl von Resourcen aufweist, wobei die QoS
Anforderung wenigstens eine Datenrate, einen Be-
trag von zu sendenden Daten, einen Pegel der Ver-
zögerung oder eine Verkehrsklasse aufweist.

4. Das Verfahren nach Anspruch 1, wobei die gesen-
dete Anfrage eine Elementenliste aufweist, die eine
Vielzahl von Elementen aufweist, wobei jedes der
Elemente mit der Bedingung assoziiert ist.

5. Das Verfahren nach Anspruch 1, wobei die gesen-
dete Anfrage wenigstens eine Elementenliste auf-
weist, wobei jede Elementenliste wenigstens eine
Resource aufweist, die mit einer Quality of Service
Anforderung assoziiert ist.

6. Das Verfahren nach Anspruch 1, wobei die Vielzahl
von Resourcen wenigstens eine Resource aus einer
Gruppe aufweist, bestehend aus einer Vielzahl von
Interlaces, einer Vielzahl von Zeitschlitzen und einer
Vielzahl von Frequenzen.

7. Eine Vorrichtung, die Folgendes aufweist:

Mittel zum Empfangen (975) von Resourcen-
Verwendungsnachrichten, RUM (RUM = re-
source utilization message), von einem oder
mehreren RUM sendenden Knoten (294, 296)
an einem RUM empfangenden Knoten (292)
beim Bestimmen, durch den einen oder die meh-
reren RUM sendenden Knoten (294, 296), einer
Bedingung bezüglich einer Vielzahl von Resour-
cen, wobei die RUMs eine Anzahl von Resour-
cen anzeigen, die auswählbar sind um blockiert
zu werden, basierend auf der Bedingung; und
Mittel zum Bestimmen einer composite resource

mask (composite resource mask = zusammen-
gesetzte Resourcenmaske) an dem RUM emp-
fangenden Knoten (292), und
Mittel zum Bestimmen einer invertierten compo-
site resource mask an dem RUM empfangen-
den Knoten (292), die anzeigt welche Resour-
cen verfügbar sind; und
Mittel zum Senden (920) einer Anfrage zu einem
der RUM sendenden Knoten (294, 296), wobei
die Anfrage einen Satz von verfügbaren Resour-
cen anzeigt, in Übereinstimmung mit der inver-
tierten composite resource mask über die der
RUM sendende Knoten (292) beabsichtigt zu
senden.

8. Die Vorrichtung nach Anspruch 7, wobei die Bedin-
gung wenigstens einen Interferenzpegel über dem
thermischen Rauschen bzw. einen IOT (IOT = inter-
ference over thermal noise), oder ein Träger-zu-In-
terferenzverhältnis, C/I (C/I = carrier-to-interference
ratio), aufweist und einen spektralen Effizienzpegel
für die Vielzahl von Resourcen aufweist.

9. Die Vorrichtung nach Anspruch 7, wobei die Bedin-
gung eine Quality of Service, QoS, Anforderung für
die Vielzahl von Resourcen aufweist, wobei die QoS
Anforderung wenigstens eine Datenrate, einen Be-
trag von zu sendenden Daten, einen Pegel der Ver-
zögerung oder eine Verkehrsklasse aufweist.

10. Die Vorrichtung nach Anspruch 7, wobei die gesen-
dete Anfrage eine Elementenliste aufweist, die eine
Vielzahl von Elementen aufweist, wobei jedes der
Elemente mit der Bedingung assoziiert ist.

11. Die Vorrichtung nach Anspruch 7, wobei die gesen-
dete Anfrage wenigstens eine Elementenliste auf-
weist, wobei jede Elementenliste wenigstens eine
Resource aufweist, die mit einer Quality of Service
Anforderung assoziiert ist.

12. Die Vorrichtung nach Anspruch 7, wobei die Vielzahl
von Resourcen wenigstens eine Resource aus einer
Gruppe aufweist, bestehend aus einer Vielzahl von
Interlaces, einer Vielzahl von Zeitschlitzen und einer
Vielzahl von Frequenzen.

13. Die Vorrichtung nach Anspruch 7, wobei der RUM
empfangende Knoten ein Zugangsterminal ist und
die RUM sendenden Knoten Zugangspunkte sind.

14. Die Vorrichtung nach Anspruch 7, wobei der RUM
empfangende Knoten ein Zugangspunkt ist und die
RUM sendenden Knoten Zugangspunkte sind.

15. Ein Computerprogramm-Produkt zur drahtlosen
Kommunikation, das Folgendes aufweist:
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ein computerlesbares Medium, das Code, zum
Ausführen der Schritte des Verfahrens nach ei-
nem der Ansprüche 1 bis 6, aufweist.

Revendications

1. Procédé de communication sans fil, le procédé com-
prenant les étapes suivantes :

recevoir (502) des messages d’utilisation de
ressources, RUM, provenant d’un ou plusieurs
noeuds d’envoi de RUM (294, 296) au niveau
d’un noeud de réception de RUM (292) lors de
la détermination par lesdits un ou plusieurs
noeuds d’envoi de RUM (294, 296) d’une con-
dition associée à une pluralité de ressources,
lesdits RUM indiquant un nombre de ressources
qui sont sélectionnées pour être bloquées sur
la base de la condition ; et
déterminer (506) un masque de ressources
composite (612) au niveau du noeud de récep-
tion de RUM (292), et
déterminer (508) au niveau du noeud de récep-
tion de RUM (292) un masque de ressources
composite inversé (622) qui indique quelles sont
les ressources disponibles ; et
émettre (514) une requête vers l’un des noeuds
d’envoi de RUM (294, 296), la requête indiquant
l’ensemble de ressources disponibles confor-
mément au masque de ressources composite
inversé sur lesquelles le noeud de réception de
RUM (292) a l’intention d’émettre.

2. Procédé selon la revendication 1, dans lequel la con-
dition comprend au moins un élément parmi un ni-
veau d’interférences au-dessus du bruit thermique,
IOT, un rapport entre porteuse et interférences, C/I,
et un niveau d’efficacité spectrale de la pluralité de
ressources.

3. Procédé selon la revendication 1, dans lequel la con-
dition comprend une exigence de qualité de service,
QoS, pour la pluralité de ressources, l’exigence de
QoS comprenant au moins l’un d’un débit de don-
nées, d’une quantité de données à transmettre, d’un
niveau de latence et d’une classe de trafic de com-
munication.

4. Procédé selon la revendication 1, dans lequel la re-
quête émise comprend une liste d’éléments compre-
nant une pluralité d’éléments, chacun des éléments
étant associé à la condition.

5. Procédé selon la revendication 1, dans lequel la re-
quête émise comprend au moins une liste d’élé-
ments, chaque liste d’éléments comprenant au
moins une ressource associée à une exigence de

qualité de service.

6. Procédé selon la revendication 1, dans lequel la plu-
ralité de ressources comprend au moins une res-
source dans le groupe constitué d’une pluralité d’en-
trelacements, d’une pluralité de créneaux temporels
et d’une pluralité de fréquences.

7. Dispositif comprenant :

des moyens pour recevoir (975) des messages
d’utilisation de ressources, RUM, provenant
d’un ou plusieurs noeuds d’envoi de RUM (294,
296) au niveau d’un noeud de réception de RUM
(292) lors de la détermination par lesdits un ou
plusieurs noeuds d’envoi de RUM (294, 296)
d’une condition associée à une pluralité de res-
sources, lesdits RUM indiquant un nombre de
ressources qui sont sélectionnées pour être blo-
quées sur la base de la condition ; et
des moyens pour déterminer un masque de res-
sources composite au niveau du noeud de ré-
ception de RUM (292), et
des moyens pour déterminer au niveau du
noeud de réception de RUM (292) un masque
de ressources composite inversé qui indique
quelles sont les ressources disponibles ; et
des moyens pour émettre (920) une requête
vers l’un des noeuds d’envoi de RUM (294, 296),
la requête indiquant l’ensemble de ressources
disponibles conformément au masque de res-
sources composite inversé sur lesquelles le
noeud de réception de RUM (292) a l’intention
d’émettre.

8. Dispositif selon la revendication 7, dans lequel la
condition comprend au moins un élément parmi un
niveau d’interférences au-dessus du bruit thermi-
que, IOT, un rapport entre porteuse et interférences,
C/I, et un niveau d’efficacité spectrale de la pluralité
de ressources.

9. Dispositif selon la revendication 7, dans lequel la
condition comprend une exigence de qualité de ser-
vice, QoS, pour la pluralité de ressources, l’exigence
de QoS comprenant au moins l’un d’un débit de don-
nées, d’une quantité de données à transmettre, d’un
niveau de latence et d’une classe de trafic de com-
munication.

10. Dispositif selon la revendication 7, dans lequel la re-
quête émise comprend une liste d’éléments compre-
nant une pluralité d’éléments, chacun des éléments
étant associé à la condition.

11. Dispositif selon la revendication 7, dans lequel la re-
quête émise comprend au moins une liste d’élé-
ments, chaque liste d’éléments comprenant au
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moins une ressource associée à une exigence de
qualité de service.

12. Dispositif selon la revendication 7, dans lequel la plu-
ralité de ressources comprend au moins une res-
sourcé dans le groupe constitué d’une pluralité d’en-
trelacements, d’une pluralité de créneaux temporels
et d’une pluralité de fréquences.

13. Dispositif selon la revendication 7, dans lequel le
noeud de réception de RUM est un terminal d’accès
et les noeuds d’envoi de RUM sont des points d’ac-
cès.

14. Dispositif selon la revendication 7, dans lequel le
noeud de réception de RUM est un point d’accès et
les noeuds d’envoi de RUM sont des points d’accès.

15. Produit programme d’ordinateur pour des commu-
nications sans fil, comprenant :

un support lisible par un ordinateur comprenant
des codes exécutables pour réaliser les étapes
du procédé de l’une quelconque des revendica-
tions 1 à 6.
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