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Description of the Related Art Communi cation access in system may be
provided to one user at a tine. Therdl8ERSwhen a first user is granted
access to the system other user nust wait until the first user has

rel eased the system then access is granted to a new user. A schedul er may

sel ect the new user anong t rs wa gss to the system Each
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granted to geverReldté@Apphicatibfssame tinme over the sane channel ‘frequency.
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Il. Field of the Invention

The present invention relates io communication systems. More
particularly, the present invention relates to a method and apparatus for
selectinQ one or more users from among several users for access 1o
communication services in a code division multiple access system.

Iil. Description of the Related Art

Communication access in system may be provided to one user at a time.
Therefore, when a first user is granted access to the system, other user must
wait until the first user has released the system; then access is granted o a new
user. A scheduler may select the new user among the users waiting for access
to the sysiem. Each user may send a request for access to the scheduler. The
scheduler then selects the new user from among the users that have made a
request for access.

In a code division multiple access system (CDMA), access may be granted to |
several users at the same time over the same channel frequency. Access may
be granted to the users based upon several criteria. The first criteria may relate
io the type of services that each user has subscribed with the communication
system. Access is provided to each user based on the priority of the subscribed



variable bit rate (VBR) service, or available bit rate (ABR) service. Users
with CBR service are guaranteed to receive comruni cation services at the
subscribed data rate (i.e., bit rate). In contrast, for users with VBR
services, the wusers are provided conmuni cation services at the rate
necessary W& WPHIENFt the information. In such cases, keRUSOerdozosfees are -
typically cal cul ated based upon the rates that were requested and granted
to the user. If the user pays for ABR service, then the user is granted
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| east one channel. In system each channel is associated with a
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data rates, an ISP may typically select the less expensive ABR service.
Moreover, there are frequently situations in which there is insufficient power to
transmit data for all of the ABR users that are requesting ABR service at any
particular point in time. Therefore, the transmitting station may determine to

N

which ABR users service is to be provided in an order of priority.

| Several techniques are known for determining how to select a user for
access to a communication system in a shared access communication system
in which access is granted to only one user at a time or to a few users that are
less than all of the users requesting service. Access to a sysiem may be
providad to a user by one or more channels (i.e. air interface finks between a
common transmitiing station and the user). Accordingly, each user may be
associated with at least one channel. In a CDMA system, each channel is
associated with a unique CDMA code. Typically, the condition (i.e. quality) of
the channel directed to each user is changing over time. Furthermore, the
condition of the channels varies from user to user. Access may be granted to
the user that can use the system most efficiently. Such a user is associated
with the best channel condition that is able to receive data at the highest rate.



wi th the best channel condition that is able to receive data at the highest
rate. WD 2004/ 070996 PCT/ US2004/002937 3 As such, the throughput of the
comuni cation systemis maxim zed. The throughput of the system may be
nmeasured in ternms of the ampunt of data communicated by the systemover a
period of tine. Access may also be granted such that each user is provided
With essentlngvmaaﬂhl access to the systemover a per FEHUSHMARET Equal
access may refer to either the fact that _ each user may receive an equal
anount of tine to communi cate over the gystenl or that each user may
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conmmuni cat i opef¥§beiesuch that the throughput of the systemis maxim zed
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schemes in which each user is granted equal access regardless of the ability of

that user to efficiently use the system, the throughput of the system suffers.

Accordingly, there is a need for a method and apparatus for determining

to which user to grant access in a shared access communication system, such

that the throughput of the system is maximized while ensuring that each user is

granted equitable access to the communication system.

) Brief Description Of The Drawings

The fealures, objects, and 'advaniages of the present invention will
become more apparent from the detailed description set forth below when faken
in conjunction with the drawings in which like reference characters identify
correspondingly throughout and wherein:

FIG. 1 is a simplified block diagram of a communication system capable
of operating in accordance with various aspects of the invention;

FIG. 2A is a graphical representation of the channel condition seen by a
first user and a second user over time;

FIG. 2B is a graphical representation of the channel condition seen.by a

first user and a second user over time;



first user and a second user over tinme; W 2004/070996 PCT/US2004/002937 4
FIG 3 is a sinplified block diagramof a common transmitting station '
capabl e of operating in accordance with various aspects of the invention;

and FIG 4 is a functional block diagramof the functions perforned by the
processor Wﬂéﬁrﬁ@?(fg lance W th various aspects of the invention. Detailed
Descri ption referred Enbodi ment (s) Various aspects SfV/YREHOR?ENt i on
include a transmtter directed, multipl receivers (users) comrunication
systemthat enploys multi-users diversity to nmaximze systemthroughput

whi | e mai nt ai ni ngid.agrigessirApiiRg WBEK Siaghid of BadsHdnelras@mihgdathfiod O
mul tiple recei verrsqféuser_s) .using.one or, nore channels. A channel may

represent aC@BRMENT ERRRYRY ATAARREIVEY VaiRus asResH o ibp INBRHON:ANY be shar ed
by one or nore receivers (users). The channel allows the transmtter to
send data to any of the users sharing that channel. A communication linktor
an air-interfaceFlG.nk sy fusclienal faedte dingsaoroiulier fuagtionshperiesiatbby the

transmt!i NG qRUEEEn oobRBAEE itlRhBhs USHLuL Bf fIEDAGLAnH! 1 P! @

comuni cat i nks assoclated wt Sers sharing e channel . As such,
a channel may be a collection of comrunication |inks, connecting the

t 1 tt t h har i .th | . i )
[ tati ons or ot nOEthleH PEsasioRRf Histered EmbRSIAEIIE) hoi e to send
data to all the yggrss 99[%?0@ rb?rtﬁéi iﬁ\;@fﬁﬂﬁlinﬂ%e brahd@RRr dliBGed! HAMRM Lt er

uses a scheduling algorithmto determne the subset of users who are served
by a channelrecgiveinfusgrer gommunicationssyrtervatbat empieyss ohdtitusers odiversilo té t hm nay

chocse Lo SFTEh SRRimRlEly SR, PRl Sl AU T e
| east sone dlnsiméier serily data tbuselliple receiversi (geeisy usingadredonmote crespelst t o )
O e A e B e BB BB PR e e B ) %o
be uncorrel atgdbe Sheeefr eneabr amyepriceiver qusdrs)lEThé hehahhak allaws ane
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aspects of Chmmuhieitiohinkat RineaeirteWaRSIifthaplehkist BEffRRiN SuChapl and the

common transmitting source. A channel may be used to support muitiple

communication links associated with the users sharing the channel. As such, a

channel may be a collection of communication links, connecting the transmitter

to each user sharing the channel. '

Due to transmit power limitations or other restrictions, the transmitier may

not be able to send data to all the users on a shared channel, at ali times. The

transmitter uses a scheduling algorithm to determine the subset of users who

are served by a channel at any given time. In some cases, the scheduling )

algorithm may choose to serve at most one user on a channel, at any given

time. The scheduler provides multi-user diversity by exploiting the fact that at

least some of the receivers (users) are uniquely located with respect to other

receivers. Due to the differing propagation paths and scattering, the variations

in the link conditions seen by different receivers (users) would be uncorrelated.

Therefore, at any particular time, the link to some receivers (users) has a better

instantaneous quality relative to the average quality of that link measured over a

period of time.

Various aspects of the invention achieve two essentially competing goals
in a system in which access is provided to less than all of the users af any one
time. The first of these two goals is to equitably provide access to the users of



in a systemin which access is provided to less than all of the users at any
one time. The first of these two goals is to equitably provide access to

t he users of WD 2004/ 070996 PCT/ US2004/002937 5 the comruni cation system
over one o MIPEY®4nnel s shared by nultiple users (r EaVUEINEP0293he second
of these two goals is to maxim ze the total ampunt of data conmunicated to
all the users of the conmunication syste?n over a period of tine (i.e.,
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i nstant aneous |ink quali t%vrel ative to the average qual i Eﬂ%ﬁof that . |ink.

That is, by PFeasEdPihe AFIEVEN 3 Reated sharnel; theriess giewhigh the fnfecaiidiiongst
ratio of  cufdraRé firdtNkse? Ol HLARY of MYk 38R htdtelSRRY highNse &36RLAIYNK
woul d be used wh t t best .

serviced by the shared channel wo | en It isTat its

Ther eby, t hea®ijteary|with reapsayiptie Bmesial whish dhe Jiokapnpidiona deethsesecond
det er m nat i OfjadS; I LAG; e r qTor SS _
over ‘a channg?éﬁ%ﬁgqggmﬁﬁﬁﬁégﬁag Itn F‘ﬂg’eg’t% g‘{tﬁvé}ﬁ{ W&ngﬁ%@ﬂl@n d(‘)%‘?l&gﬁ to the
users in tinmef theotnwention,ithis fatbis expleitaskeby dunsmittingrdo Hhe iuser hairhegether ni ned
duration. Thg Lk N ' ) | i unber
o “user's ovoNBRPRIAAREL i k] vhly T shé HERdo Elally dihaf ik T
may transni Thanispby yramseitihgrover thet channetdo the asediwithl the dreatesticiot fme

The i not ant SHESNSIO ARG S RldcR e FaPudie. o6 IR e pyofiS, ™
transm t t i ngshatbdtchamnnes wonltd ber esbdowheheit Us aat . itsAbestn s (Thetebye dus dverel

qual ity indigator i omupi cat ed, by. the user to the common transmtting
station for %thglmuigfg]eos[yg, e""rH’é’”f‘j*rE@thﬁf%?ﬁ&aus link quality indicator is a

val ue represent at Avdzteimibdtorciendade ¢or sedéctingethe aget Slirlld) ibr gianting aotessor nor e

time slots. The coplmnn trgnsmtting, statjon f{,lt rs the.instanta e{?_lus i nk
qual ity indi 8¥8fo? £Mg8a%c; IR HORMMAN EaRsMifng, staiion transmiis information 1o he

: users in time slots. A time slot is a period of time having a predetermined
duration. The common transmitting station may transmit to a limited number of
users over the same time slot. In a simple case, a common transmitter may
transmit on only one channel at a time. ~ Accordingly, for each time slot, the

) common ‘transmitting station 'may select one user (i.e.,, one link}. The
instantaneous condition of the link between a user and the common fransmitting
station is monitored by the user. An instantaneous link guality indicator is
communicated by the user to the common transmitting station for each time slot.
The instantaneous link quality indicator is a value repressntative of the condition
of the user's link during one or more time slois. The common transmitiing
station filters the instantaneous link quality indicators associated with each user
{o generate a filtered output value for each link at each time slot. In accordance
with one‘ or more aspects of the invention, the filter function may be defined
such that a filter output value associated with each user (link) and each
transmission time slot represents the average throughput (i.e.,average amount |

of data transmitted to that user over a period of time). Alternatively, the filter



to generate a filtered output value for each link at each time slot. In
accordance wth one or nore aspects of the invention, the filter function
may be defined such that a filter output val ue associated with each user
(l'ink) and each transm ssion tinme slot represents the average throughput
(i.e.,aver ¥ of data transmitted to that user BUEPS@MOp®LIDd Of
tinme). Alternatively, the filter WO 2004/070996 PCT/ US2004/ 002937 6
function may be defined such that the fifter output value represents an
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station usesd"f"Pf:éf??(yﬂéh‘ﬁﬁg rr%‘&‘?‘i’tc""’%e ?87 ?’%égt?'gﬁ'“&'& %r@%edfﬁsﬁ?mqfty of,
granting acqgstict forithat 6Maimeel The sthvdeRe méif€lis WirhBadite ¢fapk riirhbility of -
granting access tQ each other user. The user that has the greatest

schedul er i@t 91@NMIRY e yperean acersssrelaiverie ten drpEabilty of asrBIIRMAaeSH Pt h one
or more aspqgt §hg Ut}s?'% | Y€ Bbiribn IrBn SRRFSRE6N b 1R SciREdUIBY BefRRBCL S Of

| f
the invention, the ter output value 1S generated using a lowpass filter
function t o direriheomparedevdesirabilty of grantinghpesesshie thel ehanneliipany wakue may

b . g . b
{1 o scal o et Wb e SRETREMy O ey ahels 1 EaceBlrdy Boel,STHATREL o
ti me- scal e rapr ésergreaiebe sthedtleomeffiict ismprovded vatcebs | 1o itlse ddminnaeblia to ”)

have equit ah] c .brovi ded to_eac r. |t .should be understood that -
the fai rnesagg?%ségvé eor'esordggr %%qﬁcpsu%%iﬁefrgf&n}ﬁg. that include the type of
data that- is beimactsraance Withdreoot mereiaspetis Shihecinaentiod, ey filteraduple t he
transm ssion of . Internet,  data to users_att .ing to.gain access o the
Internet . | {vaicly GRrAGHLUENG & PPt e Botsr dh oogTe 2 AEEW B IRE cyst em
W thin one sgeppgtichanehiliensetbut sallie kelybé gef@atddiea tiMecaataRDf Mafitdng
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mllisecond, then allow ng one user access to the

have equitable access provided to each user. [t should be understood that the

faimess time-scale is dependent upon factors that include the type of data that

is being transmitted to the users. One example may include the transmission of

internet data to users attempting to gain access io the Internet. If each user

receives an equitable amount of access to the system within one second, each

user is likely to consider the access granting scheme to be fair, even if one user v )

gets greater access at the beginning portion of the second. Accordingly, one

second would be an appropriate fairness time-scale. In contrast, if the fairness

time-scale were only one millisecond, then allowing one user access to the

system for the first 100 milliseconds of the second would not be considered 1o

be fair.

In accordance with one or more aspects of the invention, the filler output
value is updated only when the user (link) associated with that filter has been
provided access. In accordance with one or more aspects of the invention, the
filter output value is updated based on the rate at which that user received data.
In this way, the filter output vaiue reflects the average throughput io each user
(ink). This resulis in a built-in feedback mechanism that works to bias the

selection of which user is to gain access. As such, in accordance with one or



systemfor the first 100 mlliseconds of the second would not - be consi dered
to be fair. In accordance with one or nore aspects of the invention, the
filter output value is updated only when the user (link) associated with
that fil term provi ded access. |In accordance with one or nore
aspects of the mvenfsl on, the filter output value is ufddiCA'PAYEY on t he
rate at which that user recei ved dat a. j} this way, the filter output value
reflects the average throughput to each use (l'ink). This results in a

built-in feed:b@rekas@eci@acﬁltﬁmﬁ\}fmhowhén tacusbr Ags bBen graied lacesbsOthatiseh user
IS to gain access such. in ance wth ?ne or WD 2004/ 070996
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I ncl udes a ¢odBENYY leE@asE. tting station 102 and a plurality of users 104. In

FIG 1, four such users 104 are shown. However, it will be understood by
thos&) skilled in FiGel 48 @ %lﬁwchﬁawqﬁhnwéeram Of| §eFAUNIDERICAIN SEStPMCTORIEY i n
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are nobile, the unber of users system nmay vary over tinme. Each
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number of users 104 in the system may vary over time. Each user 104 can be
considered as a receiving element of a distributed receiver that inciudes all, or
some, of the users 104. However, the users 104 of the presently disclosed
method and apparatus need not combine, or provide to a common end user, the
data that is received by each user 104. Accordingly, the users 104 may also be
- considered to be completely independent.
) Each user 104 is capable of communicating with the common
transmitting station 102 over a shared channel 106. The channel 106 provides
a number of communication links to the users. For example, as shown in FIG.
1, a first user 104A receives transmissions from ithe comrmon transmitiing station
102 over the channel through link 106A. However, it should be noted that each
user 104 may receive communications from the common transmitting station
102 over more than one channel. Moreover, each user 104 may have more
than one communication links with the common transmiiting station. Each of the -
communication links with a user may be over one channel or multiple channels.
Such additional channels may be created using different frequencies, antennas,
etc. In addition, such additional channels may exist due to multiple propagation
paths between the common transmitting station 102 and the user 104.



Each user 104 is capable of communicating with the conmon transmtting
station 102 over a shared channel 106. The channel 106 provides a nunber of
comuni cation links to the users. For exanple, as shown in FIG 1, a first
user 104A receives transm ssions fromthe conmon transmtting station 102
over the cHM&YOMR8 ough 1ink 106A. However, it shoul d BE/HEIE@IIRAL each
user 104 may receive comruni cations fromthe common transmtting station
102 over nore than one channel. Moreover® each user 104 may have nore than
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be transmtted. ,Vari cts,of the invention provide for determ ning t-
whi ch user c?f alfs%’rﬁstg%%zf%gl@%qﬁmn transmtting station 102 may transmt in
a way that maxi Maregs abpecisofitiie Diventidraptovidecifot detesminib@tb whickl bseuser s 104,
whil e ensurin t,. each user, 104 receives egui t abl e anount of . data with
espect to 4RO "0F HoF CRtaoR rensulng it e v Pansr B watnitl e o
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amount of dabal fachusart 1 dgreselves Ancpawiable amount of data with respect 1o each

other user 104 over a predetermined “fairess time-scale”. An “equitable
amount of data” means that essentially equal receive-capability ratios. The
receive-capability ratio is equal to the amount of data transmitted over a channel
relative to the data rate that the channel can support. However, various aspects
may be adjusted to favor greater data throughput at the expense of providing
more access to users using channels that can support higher data rates over the
fairness time-scale. )
In accordance with various aspects of the invention, each user 104
preferably monitors the condition of the link from the common transmitiing
station 102 and transmits an instantaneous link quality indicator to the commen
transmitiing station 102. Each instantaneous link quality indicator is a value
repregentative of the link condition experienced by one user during one or more
lime slots. In accordance with various aspects of the invention, the
instantaneous link quality indicators are values representing a desired rate at
which data is to be transmitied to the user 104 by the common transmitting
station 102. In one such embodiment, the instantaneous channel condition
indicators are data rate request (DRC) messages. Such DRCs typically indicate
the maximum data rate at which data can be transmiited (through the



relative to the data rate that the channel can support. However, various
aspects may be adjusted to favor greater data throughput at the expense of
providing nore access to users using channels that can support higher data
rates over wbe é{zﬂ? fess time-scale. 9 In accordance with various aspects of
the inventidn, "CACK Miser 104 preferably monitors the cofd¥EHOBT he |ink
fromthe common transmtting station 102 and transmts an instantaneous |ink
quality indicator to the conmon transmtting station 102. Each
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or charactenstrc may be transmitted. In accordance with various aspects of the

invention, the link condition indicator is directly proportional to the data rate at
which the common transmitting station 102 may transmit daia to the user 104 if
that user is granted access to the channe! 106 in a time slot. Such a time siot
may be the next time siot.
'FIG. 2A is a graphical representation of the link condition of a first link, for
) example link 106A, represented by a line 203 and a second link, example link
106B, represented by a dotied line 201 over time. From FIG. 2, it can be seen
that the quality for both links vary significantly over time. Furthermore, at nearly
every point in time, the link 106B has superior conditions as compared to the
link 106A. This can be understood by referring io FIG. 1 which shows that user
1044, which receives signals from the transmitier through the link 108A, is
farther from the common transmitling station 102 than the user 104B, which
receives communicates with the transmitter through the link 106B. The greater
distance between the common transmitting station 102 and the user 104A
results in greater attenuation of the signal being received by the first user 104A.
This resuits in an average quality for the first link 106A (represented by a line
205} that is poorer then the average quality (represented by a dotted line 207) of
the second link 106B.



or characteristic may be transmtted. In accordance with various aspects of
the invention, the link condition indicator is directly proportional to the
data rate at which the, common transmitting station 102 may transmt data
to the user. 104 if that user is granted access to the channel 106 in a tine
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It will be understood by those skilled in the art that granting access of the
channel 106 to a user associated with a link having the highest guality relative to
the average link conditions would greatly increase the data throughput for the
channel that has links with greater time-variations in link quality. However,
when contrasied with the throughput provided by an access scheme that
granted equal access time to each user, such a scheme would not increase the )
data throughput for channels whose links have relatively low time-variations in
quality.

This can be understood by analyzing the case in which a first user 104A
is associated with a link 106A that has relatively great variations in the fink
quality, while a second user 104B is associated with a link 106B that has
relatively small variations in quality. FIG. 2B is a graphical representation of the
quality of such a first link 106A and second link 106B. A line 202 represents the
quality of the first link 106A and a dotied line 211 represents the quality of the
second link 106B. A line 213 represents the average quality of the first link
106A and a dotted line 215 represents the average quality of the second link
106B.



function of the instantaneous link quality relative to the average |ink
condition. However, in the an enbodi nent in accordance with various aspects
of the invention, selection of the link over which data is to be
transm’tted\gi n e_?ch slot is based on a function of the instantaneous |ink
qual ity rel APiI0®%Y%¢ he average data throughput of a cHEAASRP || be
understood by those skilled in the art trﬂt granting access of the channel
106 to a user associated with a link havinhg the highest quality relative to
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first link 1
associated with links that have relatively small variations in link condition.

FIG. 3 is a simplified block diagram of a common transmitting station 102
capable of operating in accordance with various aspects of the invention. The
common transmitting station 102 receives signals that include instantaneous link
quality indicators over an antenna 301. The antenna 301 may be an array of
antennas depicted as one element. The antenna 301 is coupled to a transcetver

) front-end 303. The transceiver front-end includes well known conventional radio
frequency (RF) components that allow the signal to be received and converied
to a base band signal, such as a diplexer, down converters, filters, elc. The
base band signal is then coupied to a demodulator 305. The demodulator 305
demodulates the base band signal o allow the instantaneous link quality
indicator information 1o be accessed. The instantansous link guality indicator
information is then coupled 1o a processor 307. The processor 307 may be any
programmable device, state machine, discrete logic, or combination of these
(such as might be included within an application specific integrated circuit
(ASIC) or programmable gate array) that is capable of performing the functions
associated with processor 307.

FIG. 4 is a functional block diagram of the functions performed by the
processor 307. As shown in FIG. 4, the processor 307 includes filter modules



relatively high quality, the second |link 106B has an average quality.
Accordingly, the first user is selected. During those tines when the first
link 106A has a relatively low quality, the second |link 106B nay have an
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nodul es in any group |n? desired. Accordingly, any group of one or nDre of
t he calculates a filfer output value based upon the’ instantaneous link quality
indicators received for the link 108A. In accordance with various aspects of the
invention, the filter performs a low pass filter function. ‘
The low pass function can be performed using one of several filter
functions. In accordance with one such filter function, the filter output value F(i)

is calculated as provided in the following expression:

Fe(t+1) = (1-14) * Fl®) + 1/t * (ChCY)  Eq. 1

where Fi(t) is the current filter ouiput value at time i for the. i linli; tzisa
time constant of a low pass filter function provided by this exprassion, and ChCyx
is the instantaneous link quality indicator for the K link. The time constant
represents a “faimess time_scale”. The faimess time-scale represents the
duration of time over which it is desirable to have essentially equal amounis of
data transmitted to each user. It should be understood that the faimess time-
scale is dependent upon factors that include the type of data that is being
transmitted to the users. For example, assume the transmission of intemet data
to users attempting to gain access to the intemmet. [If each user receives



functions performed by the processor 307 nmay be perforned by a single
nodul e. Nonet hel ess, for the sake of clarity, one filter nodule 401A and one
metric cal cul ator nodul e 403A are shown to be associated with the

i nstantaneous link quality indicators received fromone user 104A, such that
there i s awenwoyerogwie correspondence between |inks of thashenneks7106 and
fitter nodul es 401 and | i kewi se between filter nodul es 401 and schedul er
metric cal cul ator nodul es 403. The proﬁkssing of only one link 106A is
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one second Vvider gulpet wiua jspralpiaied differenthedepariding upeit whether the link 106A
was selected in the last slot or not.  The filter module 401A is preferably coupled |
to the link selection processor 405. The link selection processor 405 indicates
whether the link 106A was selected in the last slot. i so, then the filter output

value is calculated by the following expression:

Fult+1) = (1-1/t)) * Fu(t) + 1/t * (ChC)  Eq. 3

To have the filter output value represent the average throughput, the link
condition ChC must be proportional to the data rate. I can be seen from Eq. 3
that if the link 106A was selected, the filier output value will be modified to
become closer in value {o the value representing the instantaneous link quality
at the time the value of the most recent instantaneous link quality indicator was
determined. Alternatively, if the link 108A was not selected in the last siot, the
filter output value is calculated by the follbwing eXpression:

Fr(t+1) = (-1 Rd(d) Eq. 4



Alternatively, the low pass filter function used to generate the filter
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filter function with a time constant of t, applied to the instantaneous rate at which '
ddta is being transmitted through the link. The result of the filtering is an
average rate at which data is being transmitted through the fink for a period of
time equal to the time constant t;.

In an alternative filter designed to determine the average data throughput,
for each slot in which the link associated with the filier is selected, the low pass
filter function sums the instantaneous link quality indicators received for a link
and divides the sum by the total number of such instantaneous link quality _)
indicators that were summed. When the link associated with the filter is not
selected, the filter output value decays in accordance with Eqg. 4.

it should be noted that in one embodiment of the presently disclosed
method and apparatus, the initial value for the filier ouiput value is equal to
Fmin/N, where Rmi, is the minimum value allowed for the instantanecus link
guality indicator, and N is the total number of users 104. However, any
reasonable initial value may be predetermined for the filter output value.

In accordance with another embodiment of the presently disclosed
method and apparatus, the filter output value is biased upward by a constant
each time the link associated with that filter output value is selected. One such
method of biasing the filter output value is to add a positive constant value to the
filter output value, or to multiply the filter output value by a constant greater than



updat ed val ue does not take into account the. instantaneous condition of the
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The filter output value is a function of either: (1) the average data rate, or (2) the
average link condition. Therefore, the scheduler metric is, for example, a function of: (1)
the average data rate and the instantaneous link condition, (2) the average link quality and
the instantaneous link quality, (3) the average data rate and the instantaneous data rate, or
(4) the average link quality and the instantaneous data rate. In accordance with one
embodiment, the scheduler metric calculator 403A divides the most recently received
instantaneous link quality indicator by the filter output value to calculate an scheduler

metric, AM.
AM = ChG/F () Eg. 5

It can be seen that the value of the scheduler metric is directly
proportional to the instantaneous link quality. The higher the instantaneous link
quality, the greater the scheduler metric for that particular link. The scheduler
metric is calculated for each link based upon the filter output value calculated



direct bias to the filter output value will increase the filter output
value, and thus nake it less likely that the Iink associated with that
filter output value will be selected in the next slot. Once cal cul ated, the
filter out i's coupled to the scheduler metric cal cul ator 403A
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channel | 10Bamaltetin i fastly P cBienar BByt e RGOS TEY FoRBPSdRdhor 405
to determ nl@catMSh &cdsisibie ﬂ:foﬁehﬁr ®banokEthe biterifendtionge sel ect ed fOf
transmssion in Ft%‘gf%rr?r?gxéacslg to FIG. 3, the processor 307 outputs information indicating
which link of the channel 106 has been selected on a signal line 309 io a data-
multiplexer/link-selector 311. Several data lines 313A, 313B, 313C, 313D
provide data to the data-multiplexet/link-selector 311.  Each of the daia lines
provides data that is to be transmitted to one of the users 104. In response to
the signal provided on the signal line 309, the data- multiplexer/ link-selector 311 )
selects one of several data streams to be coupled to the transceiver front end
303. The selected data stream is coupled io the transceiver front end over a
signal line 315. In accordance with the preferred embodiment of the presently
disclosed method and apparatus, the transceiver front end 303 transmils the
information received on signal line 315 fo the user 104 associated with the
selected link of the channel 106 at a rate that is proportional o the most recent
instantaneous link quality indicator received from selecied user 104.
In accordance with various aspects of the invention, the common
transmitting station 102 transmits signals to more than one user in each time
slot. The common transmitting station 102 uses available power to first transmit
signals to all of the constant bit rate (CBR} users and all the variable bit rate

(VBR) users for which the common fransmitting station 102 has data.



r The channel associated with the greatest scheduler netric value is

sel ected. The link selection processor 405 is coupled to each schedul er
metric calculators 403 via signal |ines 407. Signal |ines 407 couple

i nformatio %ron1 the link selection processor 405 to each filter nodul e
401. The i3¥ FITECT81 i ndi cates which link of the channBCTASBO/MRIEeE! ect ed
for transm ssion in the next slot. The15nfornation may be in the formof a
val ue indicating the particular link of ‘the channel 106 that was sel ected.
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(VBR) users II'Rrrou\gﬂ{JSthistcrl]e?inegngthrllnet 5%833? })ft gn?c?rn%n%}lltﬁat %gsz bgen transmltted
over a period of time. Accordingly, throughput can be associated with one or
more users. The throughput associated with a particular user is the amount of
information that has been transmitted to that user. The throughput of the
system is the total amount of information that has been transmitted to all users.
) Throughput is preferably determined for each user by applying a filter
W function as follows:

Ti(t+1) = (1-(AN T + (3/1) Ru(t) Eq. 6

where T (f} is the throughput at time t for the K™ user, 1 is a filter time
constant, and R(t) is the rate at which data was last fransmitted to the K™ user.

In accordance with one embodiment of the disclosed method and
apparatus, if the common transmitter 102 has not transmitied to the k™ user in
the last time slot, then Ry(t) is equal to zero. Accordingly, if the common
transmitter has not transmitted to the k™ user, then Eq. 6 reduces to the
following equation for the k™ user:
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avai l abl e after transm ssion to CBR users, then the common transmtter
transmits to all of the variable bit rate (VBR) users for which the
transmitting SPALT"SH 102 has data. 1f, after transmitti RGTAUS2@WDZEBR and
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an scheduler metric. In another embodiment of the presently disclosed method
and apparatus, the scheduler metric is a function of the ratio of the
instantaneous link quality to the link quality averaged over time.

In the case in which the scheduler metric is a function of the ratio of the
C/1 to the throughput, the scheduler metric is used to determine to which ABR
user, or users, information is to be transmitted in order to optimize the total _ )
system throughput while maintaining some level of “faimess” (i.e., essentially
equitable system access) to all of the ABR users.

In one embodiment of the presently disclosed meihod and apparatus, a
user may indicate to the common transmitting station 102 that a frame of daia
was not received or was received with more than a threshold number of errors.
In this case, the throughput value associaied with that user is preferably
corrected to account for the fact that the data that was sent was not properiy
received. In accordance with one embodiment of the presently disclosed

method and apparatus, the correction is made as follows:

Tu(new) = Ti{old) — (1/4)Ry(t) Eq. 8
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Tk(t+1) = (1-(1/tf))Tk(t) Eq. 7 where Tk (t) is the throughput at tine t for
the kth user and tf is a filter tinme constant. Accordingly, a filter

appl i es ei W{EI00#70996 or Eq. 7 and outputs a filter outgrdiuse@kieonssoci ated
wi th each user, each such value representing the throughput of a user. An
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be transmi t tBHNEAMS Heln 2R apMatve snathed pad apparajus. dhe t"ﬁp-'@t@ his(it TWRRD e

mai-at ai ni ng ppoERIrh&Y & thefvaldertjjess” (i.e., essentially equitable system
access) to all of the ABR users. In one enbodi nent of the presently

di scl osed met hod lta¥itpuih parnated that eagheisargpuldhircelteedata om 19 mepHIoN
transm tti ngALARIAY skrt 19k & 4HATBRISHA s BapRBHaRECTHIRAoR HES

received with nore Than a threshol'd nunber of errors. n this case, the
t hr oughput \e@MieoRYsaNEiRyIStAtion 108 anusi seierming el wieBl whicholaiada edba o

oo o SR, iy ) Uk MBS in Bl P v
' the disclosed method and apparatus, the amount of power that is available is
used to determine the raté at which data will be transmitted io each selected
ABR user. The ABR user with the greatest scheduler metric is selected first.
Transmissions are preferably made to that user.at the highest rate possible. If
there is any additional power available, then the ABR user with the next highest
scheduler metric is selected. The common transmitter preferably transmits to
this user with the highest rate possible. This process continues until as much of
:) the available power has been allocated as is possible. Alternatively, the
available power can be allocaied io each user based upon the relative valué of
the scheduler metric associated with each ABR user. In yet another aliernative,
both the data rate and the amount of power to be used in transmitting 1o each
user can be determined based on-both the number of ABR users fo which the
commeon transmitting station 102 desires fo transmit and the amount of available
power.
For example, for N selected users wherein the i"" user has a -scheduler
metrics A;, each user can be given the following fraction of total available power:

A common transmitting station 102 can transmit to the five ABR users

A

Eq.9



met hod and apparatus, the correction is made as follows: Tk(new) = Tk(old) -
(1/tf)Rk(t) Egq. 8 WD 2004/ 070996 PCT/ US2004/ 002937 19 where Tk(new) is the
corrected throughput value, Tk(old) is the throughput value prior to

correcti o RhfdhedsS the rate at which data was transnpétgehobobdie kt' user
during the?ast time slot t, and It is the filter time constant that was

used to wupdate the throughput val ue Tkg@l d) to account of the rate at which
information was transmitted at tinme t. Accordingly, the resulting
t hroughput TRYIRgwWhewiive gigeest rrehodulae neltie vales avithapewsedeingiidiated ed i f

no transm 531 o't eu@rﬁr&‘%ﬁ%n‘%@ ﬂté'h' He' Seh dulerTnli‘x'eﬁ %ssaog;%&cﬁ”v{uﬁ\t Eact}! NCE

t he user di fecei ve ransmt t. In an
alternative uaelt. hﬁcbimmd:l appavdetrsisod tblyethmaé uakﬂleﬂ ke drd thaartherbes reetanganed to

t he value Tk(t .t shquld, b each us oul d recej ve .data from
the tommon ' Seidm atmebR Ry @i Bt of Me fiRhal B AeFOieta T She FaPS b, L o
Therefore, titch GRcmREticn fsnﬁjﬂbbttralﬁsrﬁittéﬁlt@nthbﬂ? cAHSbe GRidy. M A &idricandt e at
which data is to be transmitted to each sel ected ABR user. In accordance

wi th one enfRAfiRedl ther distlogedimeinpd aanchappiatumis Higpar aiiedulen dalip st  of
power that iged4gi és%@,t%' SelettfiRfltd WHIEH, it N8michE & Hira affly YhingiRk daba, Wi 1 be

transmtted to each selected R user. e ABR User wi t he great est
schedul er n¥epsRISSHNSEIRL® be Madest . Tr ansm ssions are preferably -made to

L o onFSUERbeb b gl Bl 1hEEEy B e A T orP
sel ected. Tﬂmnmnmsmm tor thesABE Bt eser pritf dhedids) s'chamﬂm tretrico Int thiscassrthei th the
L ghest £ SRRl e S S B B N B A e O
avai l-abl e pduwee weys. lﬁrsta,lthe(tatoaghpm ahgh cans e dufsstad uamtﬁoagﬁajateltmm\ta val ue
oot B Lo 908 5 M 355 e B | Aot BSicN
transm tti ngvhimbkath tramm’ssﬁ@iﬁl Becoied, ahaimed b@ﬂﬁﬁlwc@ﬂb@ igfhenatjodied of ABR
users to which, t n ti stat on 10 ires to transmt and
the ampunt &9F ¢ g% BBW&:? t?'Po ‘B&i’ﬁﬁt é(a YCofaN eP e%*&@ insBrsSaIR.r ei n
the ith usemdmeras ﬁQh@@hléﬁ\Fvere not selected for transmission,
Various embodiments of the invention includes apparatus and method of

communication between a plurality of users and a remote transmitting station

102 over a plurality of channels 106 in a communication system 100. The -

processor 307 associates each one of the plurality of users 104 with at least

one of the piurality of channels 108. A user may be associated more than one

channel. Similarly, a channel may be associated with a plurality of users. A ,

user may receive data from the transmitter over any channel associated with )

that user. In other words, whenever a user is associated with a channel, the

channel contains a link from the fransmitier to that user. Therefore, a user may

have one link with the transmitter on each of the channels associaled with that

user. For example, link 106A shown in FIG. 1 may represent, in accordance

with an embodiment, a number of links over a number of channels. Each one of

the plurality of channels may be characlerized by at least one of iransmission

frequency, transmission time and transmit antenna used for providing the

communication. For example, transmitting station 102 may include a number of

transmit antennas for transmission to the users 104. The transmit antenna 103

may include a number of radiating elements, not shown, where each element

may be considered an antenna. The elements may have different

characteristics, such as radiation pattern and direction. The transmission



metrics A;, each user can be given the following fraction of total available
power: A common transmtting station 102 can transmt to the five ABR users -
Ar Egq.9 N EAK k=1 WD 2004/070996 PCTI 1JS2004/ 002937 20 having the five

gr eat est s&EWM/ERINetric val ues with power being divi dedyusaseesieihe users
in proportion to the scheduler nmetric associated with each wuser. It should
be understood by those skilled in the a8t that there is a Iarge variety of

by whi gh sel ect f t m ABR, d th
o or mat 1 on TUEBBE. FRRTIR 404 84 HP A AHCANERER: e g Faa ey | eat ur e

of the di sclmssstsorBhpdopntnampdici s data Bh8tiodesstNase e eaehraselgned used to
assist in selecting to which, fromanong a plurality of ABR users,

transmi ssi orf®28P@- t 0 be nade. In some cases, a common transmtter 102 may

not have data Tﬁ@%)’od‘e@éw ééﬁﬂﬁfﬁéﬁb%‘aﬁﬁgﬁé‘ s%ﬁBdHﬁf‘dl'Jm‘@'tﬁchtot

schedul er netric. his case E e assocl ate W|th t hat
user can be L&djaliytcé&nkm irothe pitirality ofechannetshr quivialgntly, B wsar is @Rgigned 8ughput

val ue can beadiptedogs SDRNGN ARIANPEGdc BERENL Wiy HBludiseryat the

rate that wo een select nwere  aval
transm ssi orsnhamdmgdnetribenahmmd oiv &l membemofoiacioes.t suchaal lirsk qailitf,or t hat

ti lot. Third, the. th t d th
as Tt *t e uBreqssio SrOUH g ks o s EoRBhER\S Pa e assat e < of
the inventi ayith Bedtudks Fppalr qaalwdna?tﬁwdagéd d@pm@mmabi gie bt veen a

plurality of users and a renote transmttin 102 er aplurallty -
of channel s MREMUR RO FREBLNGATYY Sataal 00n % tiryy 8&%52‘@?"%@9 Besoci at es

eacBnone of srchedtmingrrﬂéﬂnbytoqheqﬁerraﬁtyl&%ﬁﬁnheusaﬁqa Qﬁﬁbasé@f'@n at ideReanlinkral i ty
of annel s 106. A user be associated nore than one channel. Simlarly,

a channel neipahiy f&ﬁ%dﬁﬁ‘?%ﬁd\ﬁﬁqﬁ g leasirons thp pluralibe ot Users 4. 189 linkcei ve
data from t healifaBsemn Héil" m@M@é ﬁé?oﬁ*lﬁ%ﬁ‘ s@é%‘é@ bfbRchndid &sﬂ% erdhaton\éser I'n

ot her words, whénever user socl at e a channel e channel
contains a I9friber Plb!ﬁﬁlﬁ)heﬁft Hﬁ@fé‘?m'i%er The swmdtug@rmemem'ob@ bases & may

instantaneous factors or filiered factors as described throughout.

The scheduling metric may be determined by determining for each link, a
value representing the amount of data transmitted on each link, or fo the user at
over all that links associated with that user, over a predetermined amount of
time, a value representing the highest data rate at which each link can currently
receive data, and, for each channel, a ratio of the received value representing
the highest data rate, with respect to the value representing the amount of daia
transrnitted. On each channel, the fransmititer may select a determined number

) of links, whose the scheduler metric is not worse than the scheduler metric of all
other links in that channel. The channe! is then used to transmit data on
respective links io the users of the selected links.

The processor 307 determines a number of links, from among the plurality of
links contained in a plurality of channels, for the communication based on the
scheduling metric computed for each link. The links with a metric representing
a good fink quality may be selected as the determined number of links for the
communication to the users 104. In one embodiment, the metric associated
with some of the links may indicate poor link quality, and the processor 307
does not include such links for the determined number of links for the
communication to the users 104. in another embodiment, all the links may
exhibit satisfactory link quality to be included in the determined number of

channels for the communication to the users 104,



have one link with the transmtter on each of the channels associated with

that user. For exanpl e, link 106A shown in FIG 1 may represent in
accordance J1 an enbodi ment, a nunber of Iinks over g, Rjﬁ 9502 channel s.
Each one 3?02?%3706? urality of channel s may be charact erl zZe Ieast one

of transm ssion frequency, transm ssiopstinme and transmt ant enna used for
provi ding the comrunication. For exanple, transmtting station 102 may

i ncl ude a nunbém oné enbralireent, ransmitiias sthbon ti0Z2naay sshomittto at keastisesnf104.
The transm t ant enn. ncl ude a urrber Q ad nt s not
shown, wher e"&aRH" a&?eﬁgn‘Per‘c‘n@b‘ YeL SRYP F‘Baonaen Ogné%rdr‘?iermfﬁ%& gﬁ’gﬁtcg

have differ ethanneRafaciughi bl Wique UG ieshe adeRbhosadiabl eie cladithall)r G| on
The transm ssion WO 2004/ 070996 PCT/ U82004/ 002937 21 frequenC| es

transm ssi on®¥SeREaling GIMARGSRIEXISAHSSION ERKaamey Hesue aptRbejmept dB%ssor
307 for tra”éé@r%ﬁhf?ec%v@@él%nﬁﬂrﬁcéti%nﬁﬂféh e§§§rﬁtzzﬂﬂ9 {88 ChrdS ShidN6kr é‘é?/@FHla The
processor 307, furthernmore assigns a scheduling netric to each of the
plurality ofchanmels.i whe ehaphelsanpy eopvaridifiaeng freyancigsent from diffiesant i s
assigned a hed t rl n a i gt W th
t he user. Thtzg E%‘hfﬁg‘unﬁg értatgr%trﬁray ebfgggﬂgd %g%é’gﬁuﬁn@?s"é ?a%tcgrtgg such
as |link qual detprmmedamnbeysobnharhnamgﬂr@lwwfattiaastl wdk difterenthisandmissighput  of

t he user assgciate W .t h that, |, The n alit ased o the
(1o EhoRSadineths, b bt RBS. oid Cabfh AR MY, e BRC

Ll nlt<) etjc Ae@hlgmar@ bhisnthschedul ing nmetric to the pl u][al ity of channel s Lray
e based on at | eas i it ort e| ve ro asft .one t
plurality of uéepdmpgyof ﬁngq"ﬂﬁ'%scfﬂé’t %er} éiﬁﬁ?rf q\f FH]B@ ‘? @)ﬂe of a§

|l east a set Qﬁdé?élt%ﬁ&hét @ﬁ@ugrrﬁedméat@n@ m&f béeade wrtabut uemim abm He4. The
scheduling nmetric may ed on _ i nstantaneous fac ors or tere fact ors

as descri bedSRifiy 6&%@89@9 ofHBe é’é‘fﬁ!’tﬁ‘@f‘i AgeerEinghe sy 1 ed'é't‘@'rﬁtpﬁgd Byt

det er ni ni ng tn%mﬁﬁtc@ rldtrttfbea.m.t@i Wtﬁeeﬂie%ﬁemwagatéaemmbnpbuﬂaﬁ@ by
transmitted on each link, or to the user at over all that Iinks assom at ed
with that uske SC@D@pr‘epﬁlMﬂéﬂrﬁa\'@Q amount of time, a value representing
t he hi ghest W’EP Laplre at which each link can currently receive data, and,
for each channe aratio of the received value representing the highest
data rate, with respect to the value representing the anount of data



transmtted. On each channel, the transmtter may sel ect a determ ned nunber
of links, whose the scheduler netric is not worse than the scheduler netric
of all other links in that channel. The channel is then used to transmt
data on respective links to the users qf the selected |inks. The processor
307 determ nes a nunber of |inks, fromA nmong the plurality of |inks
contained in a plurality of channels, for the comuni cation based on the
scheduling metric conputed for each |ink ay links with a netric
representing a good link quality may be selected as the determ ned nunber
of links for the comunication to the users 104. In one enbodi nent, the

metric associ at ed {th so of the Iin may indicate poor link quality,
and the processgr 3\(11\47 mg_ﬁ%‘g&?ﬁ?mfnﬁﬂcﬁf&@%‘iﬁ‘é’ﬁ?ﬁ fE‘:11“?5roft‘F?Erscf’é‘fje"’r _é"d nunber
of Iinks fg@inshiNeing SQITHMBV&aL plaflityOoft dognmififdatiod Afks ik edi@hliditatRagstement , al |
the links may exhibit satisfactory link quality to be included in the

det er mi nedSGmiSEE: of channels for the communication to the users 104. WD

2003/ 070996 PCT, 7 i nen 1154 tion
102 may transm 455{%9%?4 aPlgg)g% ogﬁﬁggwalﬁﬂg’f%?% iql?)l/éag% B{ﬁ‘g? gﬂ 9 W‘%‘?ﬁ?fﬂm e
t han one oéontihenickioadmksied nunber of channels (through the unique link to

t he user on each of. the channels) over essentially a.co n _transm ssion
time frame. |n SyeRngR shSRUMeRE: Reeack 0BF hepid BRENTE oL SAMIPEAN BN over

essenti al | ynitsheai® aER AN MR behRVBdsed in fhrebmelrito INe Ik yunklySandByusee over
different frequencies, or fromdifferent transmt antennas, or a

conbi nat i ofatpthréyghput; aed such, nore than one of the determ ned nunber of

channel s are Ougleche hGifiibel 8P sdlh bhFUED o OARMCARIE Mnkd £ WARDRLESy 0P 1 OM

at |least two di ransm ssion antennas or a ¢ I nation o h. A
nunmber of &b adisaid cbmmuaicatiekased ot sdid bainedsvheddlinglmestsc. it will be
under st ood that various nodifications my be made w thout departing fromthe
spirit and scope of the invention. Accordingly, it is to be understood that

the invention 3s nofheliethSd 4d rBEitcddn Blich NGuSRE Cbrhp ﬁgh%:l ustrated enbodi nent,
but only by the scope of the appended clains. CLAIM 9 ) )
transmitting from said remote transmitting station to at least one of said plurality
of users over one or more of said selected number of communication links over

essentially a common transmission time frame.

3. The method as recited in claim 2 wherein said plurality of communication

links are over at least two different channel transmission frequencies.

4. The method as recited in claim 2 wherein said plurality of communication

links are over at least two different transmission antennas.

5. The method as recited in claim 1 further comprising:
determining said scheduling metric based on a ratio of an instantaneous link

quality and an average user data throughput.

6. The method as recited in claim 5 wherein said instantaneous link quality

includes a factor of a determined possible maximum communication data rate.



23 CLAIMS 1. A nethod of communication between a plurality of users and a
renote transmtting station over a plurality of conmmunication links in a
comuni cation system conprising: assigning each one of the plurality of
users to at | east one of the plurality of comunication |inks; assigning a
scheduling netric to each one of said plurality of comunication |inks,
said scheduling netric being based in Part on a ratio of a link quality and
a user data throughput; and selecting a nunber of said plurality of

communi cation links for transm ssion of data for said conmunicati on based
on said assi gned schEwumethgd geredited ipclaithé wherdin daid Snstentineeds link guaditm 1

fur t her @Pfudé& J‘ﬁc o Bﬁ{llé{ﬂ'ﬂtnhh?%lJnrlg’l@caﬂ‘legt(; r?orﬂ%tae‘ndtlhf%ﬁ%%‘{dzé lg station to at

| east one said over sal'd sel ected
nunber of comuni catl on i nks over essentially a common transm ssion tine

frame. 3. The thod.as r ted jn, clai.m erein said pluralit

communi cation %inks }éﬁ"BaEQ‘aeF‘s %‘FP“?C{?’& 'E"‘\/\ﬁwm\e‘fneg?@rﬁ“ﬁ%‘ﬂ"é R dpetyic é%@ﬁ?%m on

frequenci eg safh pl&iamyrm‘fch%@&aﬁsmlﬁms bssee bﬁ'amegst%%ﬁ%dﬁl@aﬁbﬁ liRk gy ty of
comruni cation 1links are over at |least two different transm ssion antennas.

5. The net repert seseived froaetileasicongioksaid pluralitg pf esstior i si ng: det ermini ng said
scheduling netric based on a ratio of an instantaneous link quality and an
average user data throughput. 6. The nmethod as recited in claimb5 wherein
sai d i nstant anequs | Theékmephad hsh}ecltédmlcwiiﬁss whdréi tsaitd comnaundtatien trhqud-lligossi bl e
maxi mum conmuni ca@eﬁon data r 24 7. The net hod a ngia%fd in.cla

c

wher ei n saf 8ot nECHAE FERATE 9 ﬁk lgash| ey cPMpUpigaton, | p&“‘@]é%"rﬂhl cation

link carri ecrmrhemaﬁioﬁqlr&@grdvmearbfyear@dﬁﬁﬁmﬁ@a&mchﬁmeﬂaﬁrmerra@dibﬁat 1@5&%&@ in
claim1l wherein said scheduling metric assigned to said plurality of

communi cat plransmiskion ificqbersedrammassioh dimstand troosmit aterna on | ink qual ity
report received fromat |east one of said plurality of users. 9. The nethod
as recited in claim8 wherein said comunication |ink quality report

i ncludes reporti@f arhdmakdd aneciednehin dtfinther omprisihg:sai d plurality of

assigning said plurality of communication links, for said communication, to at
least one of communication channels characterized by at least one of transmission

frequency, transmission time and transmit antenna.

11.  The method as recited in claim | further comprising:

determining said scheduling metric by determining, for each communication link,
at least a quality factor selected from a number of quality factors including:

a value representing data throughput,

a value representing user data throughput as determined by an amount of data
transmitted to a user over a period of time over one or more of the communication links
assigned the user,

a value representing a highest possible communication data rate over at least one
of said communication links assigned to the user, and

a value representing a ratio of instantaneous or filtered values of at least two of

said number of quality factors.

12.  The method as recited in claim 1 wherein said selecting said number of

said plurality of communication links for said communication based on said assigned



comuni cation |inks provided by a conmuni cati on channel characterized by at
| east one of transm ssion frequency, transmssion tinme and transm t
antenna. 10. The nethod as recited in claim1 further conprising: assigning
said plurality of conmmunication |inks, for said communication, to at | east
one of communi cation channels characterized by at |east one of transm ssion
frequency, transm ssion tine and transmst antenna. 11. The nethod as recited
inclaiml further conprising: determ ning said scheduling nmetric by
determ ning, for each communicatjon link, at least a quality factor

sel ect ed fPoRIHingumssas insfudgs seleatipg theeammunieatiop dinkgassaciote rath kigh salent i ng
dat a throug%gﬁhhlquggue representing user data throughput as determ ned by
an anmount o at§ transmitted to a user over a period of tine over one or
nore of the conmunication |inks assigned the user, a value representing a

hi ghest possibl g, co nication data rate qver at |east one of said
comuni cati on | mggesrflﬁtﬁ%‘ijast%c ‘i‘i’énﬁ%&l,l TSOWBI'¥BEr epresenting a ratio

of instantaneous or ¢dnkin@fifgovetlshi@seREtedhumBasIt shidp@hlitySH dmmtidR@fiodf
quality factors. 12. The nethod as recited in claiml wherein said selecting

sai d nunbelinksffor said epmypumigationy of conmuni cation Iinks for said comunication
based on said assigned 25 scheduling netric includes selecting the

comuni cation |inks associated with high value scheduling nmetric. 13. The
met hod as recitbBd i nAxhpgpanaths for cohmunicativprbesiveeg a pluraligraftusérn gndy ssmasali d

sel ected nunber _.of said Iurqli}{ qf connunLca&i n. links for, said

cormmuni cat TYIMIHIRE St4 O%Bg%{r BRI COBHMHMTAHAR MBS et FRISHUZICH OB SYFIPRy  of
users and gmf¥Rige transmitting station over a plurality of comunication
links in a conmmunication system conPrising:.neans for assigning each one
of the pluralitmeans forapsigning gach eess ot direplfalithel ustrartalat tigaspfone @ithmi cat i on

links; me . Welol .scheduling nmetric to each one of said plurality
of com’ruﬁp@fa 0 o?lfacl%lﬁ{n s,l&ggﬁgﬁg%hedul ing metric being based in part on a

rati o of a |i nkmempgafart yss@nihgaa ushedudiap amethicowg bgult pne of said plurality of
communication links, said scheduling metric being based in part on a ratio of a link

quality and a user data throughput;
means for selecting a number of said plurality of communication links for

transmission of data for said communication based on said assigned scheduling metric.

15.  The apparatus as recited in claim 14 further comprising:
a transmitter for transmitting from said remote transmitting station to at least one
of said plurality of users over one or more of said selected number of communication

links over essentially a common transmission time frame.

16. The apparatus as recited in claim 15 wherein said plurality of

communication links are over at least two different channel transmission frequencies.

17. The apparatus as recited in claim 15 wherein said plurality of

communication links are over at least two different transmission antennas.

18.  The apparatus as recited in claim 14 further comprising:



means for selecting a nunber of said plurality of comunication |inks for
transm ssion of data for said conmunication based on said assigned
scheduling nmetric. 15. The apparatus as recited in claim 14 further
conprising: a transmtter for transmtting fromsaid renote transmtting
station to at |east one of said plurality of users over one or nore of said
sel ected nunber of communication |inksgover essentially a common

transm ssion tine frane. 16. The apparatus as recited in claim15 wherein
said plurality of conmmunication links are over at |east two different
channel tr ans M seaeifof deeputiniap esid sdheduffiizemepip dasidd aagtis 6Lard @etantandugi m 15
wherein sak g#{all of conn%nrcatron | i nks are over at |east two
different tiPkAHNSaRdAT 2YSTagR HRE datpdhToYgIOUL hhar at us as recited in cl ai m 14
further conprising: 26 neans for determ ning said scheduling netric based
on a ratio of an instantaneous link quality and an average user data

t hroughput . 19. 1%he "élpmamaﬂtrms as reeitsdt imdclpim dBawherei® seibrieitantagous link

i nstantane lr# in@tﬁdege&] oﬂ‘¥)f Lp&' r!il(gggd ﬁr‘.ﬁglﬁf:t Oaé{rugflm%og‘r%urné 1{)1@@ Ly LA i bl e

maxi mum co a ra us  as in ¢laim18
wherein said instantaneous link quality |ncludes a factor of a
comruni cation link carrier to noise-and-interference rati.o. 21. The

apparatus as reé¥t edThe, appasstHs £3 T6HisAeinnclaim d 8swhereinl aid) inalantaneouss dhlgned t o

sai d pl uraljdiy BlolaedarBRicr BF 4 eanhhﬂ]lealdnsrmttacaertr %tmﬁtc-tﬁaaterereﬁemel cation
l'ink quality report received fromat |east one of said plurality of users.

22. The apparatus as recited in claim?21 vr/nerer n said conmuni cation |ink

quality report s repart of a nuni G f said
YR AR abERAS 48 edled, RO 2hinD )% SR e Pintib nethic

char act eri ggtknby t@kaid eﬁ&ahtsame comtnuhroaﬁamlﬁlesr i@ rbabddestiniedst atdodmdunicsbon tine
and transmt ant enna. 23. he apparatus as recited in claim14 further

conpri si nglinkgwlity T%P“&“s‘:@lvﬁﬁiﬁﬁ& %a?aﬂt?ﬂelﬂfé‘flfiwﬂﬂftyeghﬁﬁﬁm cation |inks, for
said communication, to at |east one of comunication channels characterized
by at |east one of transm ssion frequency, transm ssion tine and transmt
antenna. 24. Th&2.appihabpmraiss aemqtedi i nlaonazlrrwmaretmrsauqh@pmewnwnn@t hgk means

for determ nin sard St edul i ng determ
cormuni cat POHT et IEROES Kpol ooy ) Tty opE PERLRL? it esnfE B heplise o o
quality f a@érﬁﬁt&mchtﬁtﬁi littks p@ovided by a communication channel characterized by at least one

of transmission frequency, transmission time and transmit antenna.

23,  The apparatus as recited in claim 14 further comprising:
means for assigning said plurality of communication links, for said
communication, to at least one of communication channels characterized by at least one

of transmission frequency, transmission time and transmit antenna.

24.  The apparatus as recited in claim 14 further comprising:

means for determining said scheduling metric by determining, for each
communication link, at least a quality factor selected from a number of quality factors
including:

a value representing data throughput,

a value representing user data throughput as determined by an amount of data

transmitted to a user over a period of time over one or more of the communication links

assigned the user,



a value representing data throughput, a value representing user data

t hroughput as determ ned by an anpbunt of data transmtted to a user over a
period of time over one or nore of the comunication |inks assigned the
user, 27 a value representing a highest possible comunication data rate
over at |east one of said communicatior?inks assigned to the user, and a
val ue representing a ratio of instantaneous or filtered val ues of at |east
two of said nunber of qual.ity,factors. 25. The apparatus as recited in

ol ai m 14 wher i A Ya4F ARIEICRNRS ieBa onThlp EpmBHnicAUNR A [epYr (7St one

comuni cat pPhid EdHiuhiebtiondints GRBPRACRE LeR, HAsed on said assigned _
scheduling netric includes selecting the communi cation |inks associated with

hi gh val ue schadaluesgprasenting a 1ot offinstanipproua on §iltgred vabies o af lsagitapmf 14

further co (ST [ok 3 itter for transmtting over said sel ected nunber
of said pIg@%k??ggggﬁuggﬁﬁﬁﬁkgation links for said communi cation. 27. A

conput er program product conprising executable instructions for performnce

of a method of y ong of clainms 1 to 13, . A nethod far co nj cat.i on,
comprising: Lradtn ¢ 1 MPPARBARGREA M BAn FARbHSR 43 SeIesHoR Fa BUBR AT ed i ¢ h
a plurali F)(ai@fplurﬁﬂt?‘%’k!dﬁ%duﬁéthHQHﬁ@fén sBRCOmERINTBARHE Bhde@brCOAN AQligned
characterized by af |east one of transm ssion frequency, transm ssion tine

and t r ansnisthedwiingmetric arrudes seleetingghel seramunigation 1ok ésroeted wiehigh valupe
plurality HEHQ' tion channels over a common transm ssion tinme frane.
29. The ne %ggao c#§?n128, wherein the sel ected nunber of the plurality of
conmmuni cati on channels are characterized by different transm ssion

frequenci es. 30, The_prethod of claim28,. wherein the sel ected nunber of the
plurality of cgﬁnun?ggﬂﬂﬁﬁmFHEﬁﬁ@?ghﬁﬁ@n§ﬂ5&5%9€¥mgﬁﬁ"ﬁ& different transnmit

antennas. 28 3&_-u&@ﬁitfé?tt{epqraﬁémmhﬁghme%8saidMaaeaiadl rfuhﬂ,e%&fasaids?rueﬁ@ ved
t hrough a communi cation |link on each of the selected nunber of the plurality

of comuni eamingnicatignalinks|fer. sa@bxommuieationer program product conpri sing
executabl e instructions for

27. A computer program product comprising executable instructions for

performance of a method of any one of claims 1 to 13.

28. A method for communication, comprising:

transmitting a communication link quality report associated with a plurality of
communication channels, each communication channel characterized by at least one of
transmission frequency, transmission time and transmit antenna; and

receiving data over a selected number of the plurality of communication channels

over a common transmission time frame.

29.  The method of claim 28, wherein the selected number of the plurality of

communication channels are characterized by different transmission frequencies.

30.  The method of claim 28, wherein the selected number of the plurality of

communication channels are characterized by different transmit antennas.



performance of a nethod of any one of clains 28 to 31. 33. A comunication
apparatus, conprising: neans for transmtting a conmunication link quality
report associated with a plurality of communication channels, each

comuni cati on channel characterized by at |east one of transm ssion
frequency, transm ssion tinme and transmt antenna; and neans for receivVving
data over a selected nunber of the plurality of comrunication channels over
a common transmission tine frane. 34. Tig conmuni cati on apparatus of claim
33, wherein the selected nunber of the plurality of comunication channels
are characterized by different transm ssion frequencies. 35. The

comuni cati on appar allies mfthed difnelam Iewkdrpint He delreist exbeivadbbrough at he

plurality A, CRly a I C i i fferent .transmt
ant ennas. 9%@8%%@0%%8% I Wﬁ%ﬁ%&% ﬁl[sh%%?r élfﬁ{k/le é’?‘ﬂ%ﬁ?téiog:smwlg%‘fm%er ein
the comuchanatls.on apparatus is a conputer program product.

32. A computer program product comprising executable instructions for

performance of a method of any one of claims 28 to 31,

33. A communication apparatus, comprising:

means for transmitting a communication link quality report associated with a
plurality of communication channels, each communication channel characterized by at
least one of transmission frequency, transmission time and transmit antenna; and

means for receiving data over a selected number of the plurality of

communication channels over a common transmission time frame.

34.  The communication apparatus of claim 33, wherein the selected number of
the plurality of communication channels are characterized by different transmission

frequencies.

35.  The communication apparatus of claim 33, wherein the selected number of

the plurality of communication channels are characterized by different transmit antennas.

36. The communication apparatus of any of claims 33-35, wherein the

communication apparatus is a computer program product.



