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RESTRICTIVE REUSE SET MANAGEMENT ALGORITHM FOR EQUAL
GRADE OF SERVICE ON FL TRANSMISSION

BACKGROUND
I. Field

[0002] The following description relates generally to wireless communications,
and more particularly to improving mobile device throughput by dynamically

reassigning mobile devices among orthogonal resource reuse sets.

IIL. Background

[0003] Wireless networking systems have become a prevalent means by which a
majority of people worldwide has come to communicate. Wireless communication
devices 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 lead to an increase in demands on wireless
network transmission systems. Such systems typically are not as easily updated 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.

[0004] More particularly, frequency division based techniques typically separate
the spectrum into distinct channels by splitting it into uniform chunks of bandwidth, for
example, division of the frequency band allocated for wireless cellular telephone
communication can be split into 30 channels, each of which can carry a voice
conversation or, with digital service, carry digital data. Each channel can be assigned to
only one user at a time. One commonly utilized variant is an orthogonal frequency
division technique that effectively partitions the overall system bandwidth into multiple
orthogonal subbands. These subbands are also referred to as tones, carriers, subcarriers,
bins, and frequency channels. Each subband is associated with a subcarrier that can be
modulated with data. With time division based techniques, a band is split time-wise
into sequential time slices or time slots. Each user of a channel is provided with a time
slice for transmitting and receiving information in a round-robin manner. For example,
at any given time #, a user is provided access to the channel for a short burst. Then,

access switches to another user who 1s provided with a short burst of time for
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transmitting and receiving information. The cycle of “taking turns” continues, and
eventually each user is provided with multiple transmission and reception bursts.
10005]) Code division based techniques typically transmit data over a number of
frequencies available at any time in a range. In general, data is digitized and spread
over available bandwidth, wherein multiple users can be overlaid on the channel and
respective users can be assigned a unique sequence code. Users can transmit in the
same wide-band chunk of spectrum, wherein each user’s signal is spread over the entire
bandwidth by its respective unique spreading code. This technique can provide for
sharing, wherein one or more users can concurrently transmit and receive. Such sharing
can be achieved through spread spectrum digital modulation, wherein a user’s stream of
bits 1s encoded and spread across a very wide channel in a pseudo-random fashion. The
recerver 18 designed to recognize the associated unique sequence code and undo the
randomization in order to collect the bits for a particular user in a coherent manner.
[0006] A typical wireless communication network (e.g., employing frequency,
time, and code division techniques) 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 1is a stream of data that can be of independent reception interest 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 carried 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 degraded due to channel variations and/or
interference power variations. For example, the aforementioned variations can affect
base station scheduling, power control and/or rate prediction for one or more mobile
terminals.

[0007] Restrictive reuse 1s a technique designed to reduce inter-cell interference
in wireless communication systems. Restrictive reuse is a global planning scheme that
takes 1nto account the channel and interference measured by users of a wireless
network. Restrictive reuse seeks to reuse orthogonal resources (such as frequencies,
time, codes, beams, spatial dimensions, efc.) for selected users based on channel quality

associated therewith. In view of at least the above, there exists a need in the art for a
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system and/or methodology of improving wireless communication and orthogonal
resource allocation to user devices in a wireless network environment to improve user

device throughput.

SUMMARY

[0008] The following presents a simplified summary of one or more
embodiments in order to provide a basic understanding of such embodiments. This
summary 1s not an extensive overview of all contemplated embodiments, and is
intended to neither identify key or critical elements of all embodiments nor delineate the
scope of any or all embodiments. Its sole purpose is to present some concepts of one or
more embodiments in a simplified form as a prelude to the more detailed description
that is presented later. :

[0009] In accordance with one or more embodiments and corresponding
disclosure thereof, various aspects aré described in connection with improving user
device throughput in a wireless network environment. According to one aspect, a
restrictive reuse set management algorithm for equal grade of service on forward link
transmission is provided. The algorithm can improve the signal-to-interference and
noise ration (SINR) of weak users in interference-limited networks. Bandwidth
allocated to each reuse set, reuse set loading and the harmonic mean of the spectral
etficiencies of all users sharing the reuse set, can be employed to estimate the equal
grade of service (EGoS) user throughput over the reuse set. An iterative algorithm can
then be utilized to maximize sector throughput under the constraint of equal user
thi'oughput over all reuse sets.

[0010] In this document, frequency sets will be used as an example of
orthogonal resource sets to explain the restrictive reuse set management algorithm.
Such algorithm is directly applicable to other embodiments of orthogonal resources,
such as time slots, carriers, codes, spatial dimension, frequency/time interlaces and
beam-forming beams.

[0011] According to an aspect, a method of optimizing signal transmission
throughput in a wireless network can comprise approximating aggregated throughput of
frequency reuse sets, employing one or more EGoS schedulers to enforce fairness
constraints for resource allocation to at least one user device within each resource reuse

set, and employing a restrictive reuse set management algorithm to enforce fairness
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constraints for resource allocation between resource reuse sets. The method can further
comprise 1dentifying user devices with poor connections due to low spectral efficiency,
and reassigning such devices to resource sets exhibiting high throughput to improve
overall network throughput.

[0012] According to another aspect, a system that facilitates optimizing user
device throughput in a wireless network environment can comprise a restrictive reuse
component that assesses spectral efficiency of user devices in a wireless network and
enforces fairness constraints between resource reuse sets, and one or more equal grade
of service (EGoS) schedulers that enforce fairness constraints within the resource reuse
sets. The system can further comprise an assignment component that facilitates
generating inittal assignments of devices to resource reuse sets, as well as device
reassignments to optimize throughput.

[0013] According to another aspect, an apparatus that facilitates improving
spectral efficiency of user devices in a wireless network can comprise means for
enforcing fairness constraints related to resource allocation to user devices within a
resource reuse set in a wireless network, and means for enforcing fairness constraints
related to resource allocation to one or more resource reuse sets in the wireless network.
The apparatus can additionally comprise means for assigning user devices to a resource
reuse set, means tor evaluating spectral efficiency of one or more user devices, and
means for identifying a resource reuse set in which a user device can experience
improved spectral efficiency. The means for assigning can reassign a user device with
low spectral efficiency to the identified resource reuse set to improve the spectral
etficiency of the reassigned user device.

[0014] Yet another aspect provides for a computer-readable medium having
stored thereon computer-executable instructions for distributing resources to one or
more user devices associated with a resource reuse set according to an equal grade of
service protocol, and for managing resource reuse sets in a wireless network. The
computer-readable medium can additionally comprise instructions for evaluating
spectral efficiency for at least one user device in the wireless network, instructions for
identifying a user device having a lowest spectral efficiency relative to all other user
devices, instructions for identifying an resource set with a highest overall throughput

relative to other resource sets in the wireless network, and instructions for reassigning
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the user device with lowest spectral efficiency to the resource set with highest overall
throughput to improve spectral efficiency of the user device.

[0015] Still another aspect relates to a microprocessor that executes instructions
for optimizing throughput in a wireless communication environment, the instructions
comprising: assessing throughput for one or more user devices in communicating in at
least a portion of a wireless network; evaluating sector throughput for one or more
orthogonal resource sets in the portion of the wireless network; identifying a user device
with relatively low throughput compared to other user devices; and reassigning the user
device from a first orthogonal resource set to an second orthogonal resource of higher
throughput than the first orthogonal resource set.

[0016] According to another aspect, a mobile device can comprise a component
that receives an orthogonal resource set assignment; and a component that establishes
control over resources allocated by the orthogonal resource set assignment. The
received assignment can be a reassignment to a higher-throughput orthogonal resource
set, as set forth with regard to various embodiments described herein. The mobile
device can be, for example, a cellular phone, a smart phone, a laptop, a PDA, a
handheld communication device, a handheld computing device, efc.

[0017] To the accomplishment of the foregoing and related ends, the one or
more embodiments comprises the features hereinafter fully described and particularly
pointed out in the claims. The following description and the annexed drawings set forth
in detail certain illustrative aspects of the one or more embodiments. These aspects are
indicative, however, of but a few of the various ways in which the principles of various
embodiments may be employed and the described embodiments are intended to include

all such aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] FIG. 1 illustrates a table that facilitates an understanding of to active set
based restricted reuse resource hopping and resource allocation with regard thereto, in
accordance with various aspects.
[0019] FIG. 2 is an illustration of a system that facilitates assigning user devices
to resource reuse sets to maximize sector throughput utilizing an EGoS fairness

constraint, in accordance with various aspects.
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[0020] FIG. 3 is an illustration of a system that facilitates maximizing user
device throughput under an EGoS fairness constraiﬁt in accordance with one or more
embodiments.

[0021] FIG. 4 illustrates a system that facilitates user device throughput
optimization utilizing EGoS schedulers such that each frequency reuse set is governed
by an EGoS scheduler, in accordance with various aspects.

[0022] FIG. 5 is an illustration of a system that facilitates optimizing user device
throughput in a wireless network employing EGoS constraints to ensure that user device
throughput is substantially equalized over a plurality of resource reuse sets, in
accordance with various aspects.

[0023] FIG. 6 illustrates a system that facilitates reassigning user devices to
frequency reuse sets in a wireless network environment to optimize user device
throughput in accordance with various aspects.

- [0024] FIG. 7 is an illustration of a system that facilitates communication
throughput optimization for user devices in a wireless network environment by
enforcing EGoS fairness and providing dynamic reassignment of ortho gonal resource
reuse sets, in accordance with various aspects.

[0025] FIG. 8 illustrates a graph that facilitates understanding of the effects ot
resource reuse set management in a wireless network environment, such as an OFDMA
system, in accordance with various aspects.

[0026] FIG. 9 illustrates a methodology for optimizing user device throughput in
a wireless network according to one or more embodiments.

[0027] FIG. 10 illustrates a methodology for user device communication
optimization utilizing a restrictive reuse set management algorithm in accordance with
various aspects described herein.

[0028] FIG. 11 is an illustration of a methodology for improving user device
throughput in a wireless network by swapping user device assignments between
orthogonal resource reuse sets upon a determination that communication throughput
will be improved as a result of the device reassignments, in accordance with various
aspects.

[0029] FIG. 12 is an illustration of a wireless network environment that can be

employed in conjunction with the various systems and methods described herein.
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DETAILED DESCRIPTION
[0030] Various embodiments are now described with reference to the drawings,

wherein like reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one or more embodiments. It may
be evident, however, that such embodiment(s) may be practiced without these specific
details. In other instances, well-known structures and devices are shown in block
diagram form in order to facilitate describing one or more embodiments.

[0031] As used 1n this application, the terms “component,” “system,” and the
like are intended to refer to a computer-related entity, either hardware, a combination of
hardware and software, software, or software in execution. For example, a component
may be, but is not limited to being, a process running on a processor, a processor, an
object, an executable, a thread of execution, a program, and/or a computer. One or
more components may reside within a process and/or thread of execution and a
component may be localized on one computer and/or distributed between two or more
computers. Also, these components can execute from various computer readable media
having various data structures stored thereon. The components may communicate by
way of local and/or remote processes such as in accordance with a signal having one or
more data packets (e.g., data from one component interacting with another component
In a local system, distributed system, and/or across a network such as the Internet with
other systems by way of the signal).

[0032] Furthermore, various embodiments are described herein in connection
with a subscriber station. A subscriber station can also be called a system, a subscriber
unit, mobile station, mobile, remote station, access point, base station, remote terminal,
access terminal, user terminal, user agent, or user equipment. A subscriber station may
be 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 wireless connection capability, or other processing device connected to a
wireless modem.

[0033] Moreover, various aspects or features described herein may be
implemented as a method, apparatus, or article of manufacture using standard
programming and/or engineering techniques. The term "article of manufacture" as used

herein 1s intended to encompass a computer program accessible from any computer-
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readable device, carrier, or media. For example, computer readable media can include
but are not limited to magnetic storage devices (e.g., hard disk, floppy disk, magnetic
strips...), optical disks (e.g., compact disk (CD), digital versatile disk (DVD)...), smart
cards, and flash memory devices (e.g., card, stick, key drive...).

[0034] Referring now to the drawings, Fig. 1 illustrates a diagram 100 that
facilitates underst'\zamding of restrictive reuse of orthogonal resources such as frequencies,
" bandwidth, time slots, carriers, etc., and resource allocation with regard thereto. An
aspect of resource reuse management is to intelligently deploy, for example, frequency
for reuse by selected users based the users’ channel qualities. With regard to CDMA
systems, an “active set” can be defined for each user for handoff purposes. Sectors in
the active set of a user usually contribute interference to the user’s reception on the
forward link (FL), while sector transmissions are interfered with by the user’s
transmission on a reverse link (RL). By avoiding interference from various sectors in a
user’s active set, reduced interference on both FL and RL can be achieved. Simulations
and analysis have shown that the frequency reuse assignment algorithm based on a
user’s active set yields a 3.5 dB signal-to-interference and noise ratio (SINR)
improvement with 25% bandwidth partial loading.

[0035] = Scheduiers in wireless networks can be modified, according to various
embodiments described herein, to take advantage of the SINR improvement through
orthogonal resource set reuse. When dealing with voice transmission traffic, voice
capacity is often limited by the SINR of the worst users in a network. Because a voice
user will occupy some narrow portion of available bandwidth for a relatively long
duration, a capacity improvement can be achieved by assigning a static frequency reuse
set to the user to improve the user SINR throughout the duration of a call. However, in
the case of data traffic, conventional static reuse algorithms are not flexible enough to
accommodate “bursty” data traffic (e.g., traffic that is intermittent, efc.) and/or traffic ol
varying faimess requirements. When a user transmits/receives bursty tratfic,
conventional systems require a tradeoff to be made among frequency sets that have
different SINR, available bandwidth, and offered load (e.g., from other users on a given
reuse set). A scheduler can be further complicated if fairness criteria such as equal
orade of ser\}ice (EGoS) or proportional fairness need to be enforced for users of

different reuse sets.
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[0036] Diagram 100 illustrates a simplified scenario in which communication
bandwidth is divided 1nto seven frequencies, Uy through U, which can be assigned to
various sectors, over which the sectors can transmit and receive information. In the
following exemplary resource reuse algorithm, each sector is assigned a value of 0, 1, or
2. The overall bandwidth available in a network is divided into 7 frequency sets with
universal reuse, 1/3 reuse and 2/3 reuse. Each reuse resource set can then be labeled
with a 3-bit binary mask, where a “1” at the i position indicates that it is used by
sectors of value i. For example, “110” indicates a 2/3 frequency reuse set that is used by
sectors of values O and 1 but not sectors of value 2. The labels of frequency sets { Uy,
Ui, Uy, Us, Uy, Us, Ug} are given by {111, 110, 101, 011, 100, 010, 001}. However, it
will be appreciated that other labeling conventions are possible. For instance, the value
of the three-bit mask can be employed to label the frequency set (e.g., wherein 111
denotes frequency set 7, 001 denotes frequency set 1, efc.). With frequency planning,
users can avoid dominant interferers by using a 1/3 or 2/3 reuse frequency set. :
(0037] In third-generation networks, the fairness among data users can be
entorced by the scheduler. In a network where the forward link transmissions to users
are time multiplexed, the user with the highest scheduling metric 1s typically scheduled
~for transmission over the scheduling time slot. The scheduling metric 1s usually

computed based not only on a fairness metric but also on channel desirability, to take

advantage of the multi-user diversity (MUD). For example, let A; denote the throughput

of user 7 over a specified window, and let 4. and Z. denote the instant and average

spectral etficiency of user I, respectively. The fairness metric F; 1s given by:

F=— (1)

F =i 2)

for a proportional fair scheduler. The channel desirability metric is given by:
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I, = ';t: (3)
{ .

The scheduling metric can be calculated as the output of a metric combining function of
the fairness metric, and the channel desirability metric. The scheduling metric and be
further combined with other QoS related metric Q; to make the final scheduling
decision. In this invention, only fairness metric is used to illustrated the flexibility of the

dynamic restricted reuse scheduler. In one embodiment, the combining function is a

product as given by:

5 = £ (4)

[n another embodiment, the function is a product of the each metric raised by some

exponents o and 3 as given by:

_ % f
S, = FT,". | (5)

In yet another embodiment, the function is a weighted sum of each metric raised by

some exponents o and [3 as given by:

S, =aF* +bT”. (6)

In yet another embodiment, the function is the maximum of the wei ghted metric raised

by some exponents o and f as given by:

S, =max(aF,* ,bT"). (7)
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[0038] Fig. 2 is an illustration of a system 200 that facilitates assigning user
devices to orthogonal resource reuse sets to maximize sector throughput utilizing an
EGoS fairness constraint. Conventional resource reuse systems can cause fairness
problems when a reuse set is assigned based solely on SINR characteristics of a user
device without considering reuse set bandwidth and/or reuse set loading. System 200
comprises an restrictive reuse component 202 that is operatively coupled to a wireless
network 204 and one or more user devices 206. Wireless network 204 can comprise, for
example, a plurality of base stations, sectors, regions, and the like, as will be appreciated
by one skilled in the art. User device(s) 206 can comprise, without being limited to, a
cellular phone, a smart phone, a PDA, a laptop, a personal computing device, a
handheld communication device, a satellite radio, a global positioning system, and/or
any other device suitable for receiving and/or transmitting information over wireless
network 204.

[0039] Additionally, wireless network 204 can provide communication service
to user devices 206 in conjunction with a variety of multiple access techniques, a
combination thereof, or any other suitable wireless communication protocol, as will be
appreciated by one skilled in the art. For example, these techniques can be employed in
conjunction with a code division multiple access (CDMA) system, a frequency division
multiple access (FDMA) system, a time division multiple access (TDMA) system, an
orthogonal frequency division multiple access (OFDMA) system, an interleaved
(IFDMA) system, a localized FDMA (LFDMA) system, a spatial division multiple
access (SDMA) system, a quasi-orthogonal multiple-access system, and so on. IFDMA
is also called distributed FDMA, and LFDMA 1is also called narrowband FDMA or
classical FDMA. An OFDMA system utilizes orthogonal frequency division
multiplexing (OFDM). OFDM, IFDMA, and LFDMA effectively partition the overall
system bandwidth into multiple (K) orthogonal frequency subbands. These subbands
are also called tones, subcarriers, bins, and so on. Each subband is associated with a
respective subcarrier that can be modulated with data. OFDM transmits modulation
symbols in the frequency domain on all or a subset of the K subbands. IFDMA
transmits modulation symbols in the time domain on subbands that are uniformly
distributed across the K subbands. LFDMA transmits modulation symbols in the time

domain and typically on adjacent subbands.
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[0040] For instance, when a user device 206 is assigned a reuse 1/3 or 2/3 reuse
set. such user device 206 can experience a level of interference that 1s significantly
lower than is experienced under an assignment to a universal reuse set. When
employing an EGoS fairness criterion, it can be desirable to equalize the SINR among
all users devices 206 by assigning weaker user devices to 1/3 or 2/3 reuse sets. User
device 206 throughput performance can also depend on bandwidth allocation to each
user device 206 within a reuse set. Accordingly, one or more EGoS schedulers can be
employed by restrictive reuse component 202 to ensure fairness within a reuse set, while
restrictive reuse component 202 can employ a set management algorithm to ensure
fairness between reuse sets.

[0041] For the remainder of this document, various embodiments of the
restricted reuse component, where the orthogonal resource sets are frequency sets, will
be explained for ease of understanding. However, it is to be understood that resource

~ sets are not limited to comprising only frequencies, but rather can comprise frequency
. sets, time slot sets, frequency-and-time slot sets, code sets, orthogonal space-division

- multiple access (SDMA) dimensions, and carrier sets, OFDMA subcarrier sets, IFDMA
subcarrier sets, LFDMA subcarrier sets, and/or any other suitable resources.

- [0042] . Fig. 3 is an illustration of a system 300 that facilitates maximizing user
device throughput under an EGoS fairness constraint in accordance with one or more
embodiments. System 300 comprises a restrictive reuse component 302 that can assign
user devices 306 to a frequency reuse set to maximize throughput of user devices 306
when communicating over a wireless network 306. Restrictive reuse component
comprises an EGoS component that enforces EGoS constraints with regard to user
devices 306 assigned to a reuse set in order to ensure fairness within each reuse set.
[0043] EGoS component can assess user device 306 throughput to determine an
appropriate reuse set to which a given user device 306 can be assigned in order to

improve throughput for the user device 306, which 1n turn 1mproves overall efficiency

of wireless network 304. For example, let A; denote the throughput of user device i over

a specified window, and let #; and Z, denote the instant and average spectral efficiency

of user device I, respectively. The fairness metric F; can be given by:

, (1)
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as described above.

[0044] Once a fairness metric has been evaluated for user devices 306,
restrictive reuse component 302 can proceed to allocate user devices 306 to appropriate
frequency reuse sets in order to facilitate improving throu ghput. For example, restrictive
reuse component 302 can determine a channel desirability metric for each user device
306 in order to evaluate a scheduling metric to assist in reuse set assi gnment. The

channel desirability metric is given by:

T,=tt. 3)

T'he scheduling metric for each user device 306 can then be calculated by restrictive
reuse component 302 as the product of the fairness metric F; and the channel desirability

metric 1;, such that:

S =FT . (4)

It will be appreciated that other functions describing the scheduling metric can be
employed as well, such as set forth with regard to equations (5)-(7) above.

[0045] Fig. 4 illustrates a system 400 that facilitates user device throughput
optimization utilizing EGoS schedulers such that each frequency reuse set is governed
by an EGoS scheduler. System 400 comprises a restrictive reuse component 402 that is
operatively associated with a wireless network 404 over which one or more user devices
406 can communicate. Wireless network 404 can comprise, for example, a plurality of
base stations in sectors, regions, and the like, each of which transmits and receives
communication signals to and from other base stations and/or user devices 406, as will
be appreciated by one skilled in the art. User device(s) 406 can comprise, without being
limited to, cellular phones, smart phones, PDAs, laptops, personal computing devices,
handheld communication devices, satellite radios, global positioning systems, and/or
any other device suitable for receiving and/or transmitting information over wireless

network 404.
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[0046] Restrictive reuse component 402 comprises an EGoS component 408
that enforces EGoS fairness constraints during frequency reuse set assignment. EGoS
component 408 further comprises one or more EGoS schedulers 410, each of which 1s
responsible for a single frequency reuse set and determines a fairness metric for user
devices 406 assigned thereto. EGoS component 408, in conjunction with EGoS
schedulers' 410 can determine an aggregated reuse set throughput approximation for
fairness among user devices 406 by evaluating a product of the harmonic mean of user
device spectral efficiency and bandwidth of a given reuse set. A separate EGoOS
scheduler 410 can be implemented over each reuse set, and equal grade of service

among users of the same reuse set can be achieved through the EGoS algorithm as

described by (1), (3) and (4), where x4, is replaced by 2, ., described below, for reuse

set m. Equal grade of service among different reuse sets can be achieved through the

reuse set management algorithm as described herein.

[0047] For example, given N active users and M non-forbidden (e.g., available)

reuse sets in a sector, let g, denote the spectral efficiency of user n over reuse set .

Let S denote the set of users assigned to reuse set m, where set 0 denotes a 1/1 reuse

set, and let B, denote the bandwidth of reuse set m. EGoS sector throughput can be

approximated by:

where |.| denotes the size of a set. Estimated user device 406 throughput over reuse set

m can be given by:

Bm
ﬂm "W . (8)

€S,

[0048] Reuse set memberships can then be allocated to user devices 406 by
restrictive reuse component 402 to maximize sector throughput under the constraint that
a substantially similar user device throughput is to be achieved over all reuse sets. In

this manner, system 400 can facilitate optimizing user device 406 throughput in wireless
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network 404 in order to provide a more robust communication experience for users of
user devices 406 while mitigating transmission costs and taxation of system resources
when providing frequency allocation to such user devices 406.

[0049] Fig. 5 is an illustration of a system 500 that facilitates optimizing user
device throughput in a wireless network employing EGoS constraints to ensure that user
devicé throughput is substantially equalized over a plurality of frequency reuse sets.
System 500 comprises a restrictive reuse component 502 that optimizes frequency
allocation over a wireless network 504 to user devices 506. Restrictive reuse
component 502 can comprise an EGoS component 508 having one or more EGoS
schedulers 510, and an assignment component 512 that assigns and/or reassigns user
devices 506 to frequency reuse sets to ensure that user devices 506 experience
substantially equal grades of service over all frequency reuse sets employed in wireless
network 504.

[0050] According to an aspect, restrictive reuse component 502, in conjunction
with one or more components comprised there by, can employ a reuse set management

algorithm to optimize user through put. For example, restrictive reuse component 502

can compute 4, forn=[1...N] and m = [1...M], where n is the number of active user

n,m

devices 506 and m is the number of available reuse sets in a sector of wireless network

504. Restrictive reuse component 502 can then initialize frequency reuse set S, with

the set {1...N} and initialize other S, ’s with empty sets. Restrictive reuse component
502, in conjunction with assignment component 512, can move the weakest /-1
connections (e.g., connections with the smallest spectral efficiency g, ;) from reuse set
S, to the other M-1 reuse sets, such that each reuse set has only one connection (e.g.,

user device 506). Estimated user device 506 throughput can be computed by Restrictive

reuse component 502 using the equation:

B
7 — —— J’-E . 8 .
7”3 z : 1/ o ( )

i€s,,

wherein an independent EGoS scheduler 510 is implemented over each reuse set, as set

forth with regard to this and the preceding figures.
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