SCHEDULI NG A M X OF BEST EFFORT (BE) AND DELAY QOS
FLOWS CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001]
wakiog/oenspd i cati on clains the benefit of U S.  PCT/US2008/082424
Provi si onal Patent application Serial No. 60/985, 534
entitled "SCHEDULING A M X OFIBEST EFFORT (BE) AND
DELAY QOS FLOAS" which was fil ed Novenber 5, 2007. The
entirety of the aforenentioned application is herein
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network, can provide multiple users access to one or more shared resources (e.g.,
bandwidth, transmit power, ...). For instance, a system can use a variety of multiple
access techniques such as Frequency Division Multiplexing (FDM), Time Division
Multiplexing (TDM), Code Division Multiplexing (CDM), Orthogonal Frequency
Division Multiplexing (OFDM), and others.

[0004] Generally, wireless multiple-access communication systems can
simultaneously support communication for multiple mobile devices. Each mobile
device can communicate with one or more base stations via transmissions on forward
and reverse links. The forward link (or downlink) refers to the communication link
from base stations to mobile devices, and the reverse link (or uplink) refers to the
communication link from mobile devices to base stations.

[0005] Wireless communication systems oftentimes employ one or more base

stations that provide a coverage area. A typical base station can transmit multiple data

streams for broadcast, multicast and/or unicast services, wherein a data stream may be a
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optimal and efficient techniques to enable real time adjustment and assignment of
bandwidth for a combination of best effort flows and delay sensitive flows. In
particular, the bandwidth allocation is adjusted for each data packet such that delay
requirements are met and the remaining bandwidth can be assigned to best effort flows.
[0009] To the accomplishment of the foregoing and related ends, the one or
more embodiments comprise 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
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bandwidth to such flows in a wireless communication system.

[0017] FIG. 8 is an illustration of an example system that facilitates managing
quality of service (QoS) for best effort flows and delay sensitive flows in a wireless
communication environment.

[0018] FIG. 9 is an illustration of an example wireless network environment that
can be employed in conjunction with the various systems and methods described herein.
[0019] FIG. 10 is an illustration of an example system that facilitates efficiently
assigns bandwidth to receive at least one data packet in relation to best effort (BE) flows
and delay sensitive flows.

[0020] FIG. 11 is an illustration of an example system that optimally allocates
bandwidth to transmit at least one data packet in relation to best effort (BE) flows and

delay sensitive flows in a wireless communication environment.
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network such as the

communication systems such as code division multiple access (CDMA), time division
multiple access (TDMA), frequency division multiple access (FDMA), orthogonal
frequency division multiple access (OFDMA), single carrier-frequency division
multiple access (SC-FDMA) and other systems. The terms “system’ and “network” are
often used interchangeably. A CDMA system can implement a radio technology such
as Universal Terrestrial Radio Access (UTRA), CDMA2000, ezc. UTRA includes
Wideband-CDMA (W-CDMA) and other variants of CDMA. CDMA2000 covers IS-
2000, IS-95 and IS-856 standards. A TDMA system can implement a radio technology
such as Global System for Mobile Communications (GSM). An OFDMA system can

implement a radio technology such as Evolved UTRA (E-UTRA), Ultra Mobile



Internet with other systens by way of the signal).
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[0026] Moreover, various aspects or features described herein can 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 is intended to encompass a computer program accessible from any computer-
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, etc.), optical disks (e.g., compact disk (CD), digital versatile disk (DVD), etc.),
smart cards, and flash memory devices (e.g., EPROM, card, stick, key drive, ezc.).

Additionally, various storage media described herein can represent one or more devices
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122 is in communication with antennas 104 and 106, where antennas 104 and 106
transmit information to mobile device 122 over a forward link 124 and receive
information from mobile device 122 over a reverse link 126. In a frequency division
duplex (FDD) system, forward link 118 can utilize a different frequency band than that
used by reverse link 120, and forward link 124 can employ a different frequency band
than that employed by reverse link 126, for example. Further, in a time division duplex
(TDD) system, forward link 118 and reverse link 120 can utilize a common frequency
band and forward link 124 and reverse link 126 can utilize a common frequency band.

[0029] Each group of antennas and/or the area in which they are designated to

communicate can be referred to as a sector of base station 102. For example, antenna
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031} on tr Bn@rﬁtqttqnnl@hchn gmlgh)yai first bandwidth with a first technology.

Moreover, base station 102 can transmit a pilot corresponding to the first technology on
a second bandwidth. According to an illustration, the second bandwidth can be
leveraged by base station 102 and/or any disparate base station (not shown) for
communication that utilizes any second technology. Moreover, the pilot can indicate
the presence of the first technology (e.g., to a mobile device communicating via the
second technology). For example, the pilot can use bit(s) to carry information about the
presence of the first technology. Additionally, information such as a SectorID of the
sector utilizing the first technology, a CarrierIndex indicating the first frequency

bandwidth, and the like can be included in the pilot.
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[0034] Turning to Fig. 2, illustrated is a communications apparatus 200 for

employment within a wireless communications environment. The communications
apparatus 200 can be a base station or a portion thereof, a mobile device or a portion
thereof, or substantially any communications apparatus that receives data transmitted in
a wireless communications environment. In communications systems, communication
timing between transmitters and receivers can require adjustment. Thus, the
communications apparatus 200 employ components described below to facilitate
scheduling bandwidth to a mix of best effort flows and delay sensitive flows. The
communications apparatus 200 can include Quality of Service (QoS) manager 202 that

can efficiently schedule allocation of bandwidth for flows, and an analysis engine that
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bandwidth to an increased level of bandwidth if the delay requirement is met,
reallocating the first amount of bandwidth to an increased level of bandwidth and the
second portion of bandwidth to a reduced level of bandwidth if the delay requirement is
not met, maintaining a level of bandwidth for the first amount of bandwidth and the
second amount of bandwidth if the delay requirement is equivalent to the first portion of
bandwidth, receiving a data packet in accordance with the bandwidth allocation, and the
like. Further, communications apparatus 200 can include a processor that may be
utilized in connection with executing instructions (e.g., instructions retained within

memory, instructions obtained from a disparate source, ...).
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[0938Ft | According to an example, the base station 302 can maintain
synchronization with mobile device 304 and other mobile devices (not shown). In
evolved UMTS terrestrial radio access (E-UTRA), transmission among mobile devices
such as mobile device 304 or transmission between the mobile device 304 and base
station 302 require alignment in time. Alignment in time facilitates maintaining
orthogonality between mobile devices and reduces interference. Mobile devices, such
as mobile device 304, can move about within a cell or sector serviced by the base station
302. Changes in distances between the mobile device 304 and the base station 302 can

require an update in uplink timing of mobile device 304 to maintain orthogonality.

Pursuant to an illustration, a mobile device moving toward or away from a base station
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WiKif(Di, qi) if the flow is a delay QoS flow. It is to be appreciated that any suitable
metric based on average rate and spectral effect can be implemented.

[0042] The weights W;’s of the delay flows can be updated as follows: if flow

1’s delay target is met, W; is decremented, else, Wi is incremented. The system 300 can
maintain optimal fairness between BE flows. Moreover, a function f can be a product of
positive powers of its arguments, which enables the delay QoS flows to not grow
without bound for any given positive weights W;’s. The delay requirements of the QoS

flows can be met, the weights can converge, and the total throughput of the BE flows
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cach of which can in turn comprise a plurality of components associated with signal
transmission and reception (e.g., processors, modulators, multiplexers, demodulators,
demultiplexers, antennas, efc.). The mobile devices can be, for example, cellular
phones, smart phones, laptops, handheld communication devices, handheld computing
devices, satellite radios, global positioning systems, PDAs, and/or any other suitable
device for communicating over wireless system 400. In addition, the mobile devices
can comprise one or more transmitter chains and a receiver chains, such as used for a
multiple input multiple output (MIMO) system. Each transmitter and receiver chain can

comprise a plurality of components associated with signal transmission and reception
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[0048] To determine the distribution across bandwidth between best effort and
delay sensitive flows (e.g., delay QoS flows), fundamentally, a metric can be used to
relate the best effort flow priority function to the delay QoS flow priority function such
as a weight /7 . In particular, corresponding to the two flavors of scheduling policies for
delay sensitive flows, the following algorithms can be employed to schedule a mix of

flows.
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allocated to the best effort flow. At reference numeral 508, the first amount of
bandwidth can be reallocated to a reduced level of bandwidth and the second portion of
bandwidth to an increased level of bandwidth if the delay requirement is met. At
reference numeral 510, the first amount of bandwidth can be reallocated to an increased
level of bandwidth and the second portion of bandwidth to a reduced level of bandwidth
if the delay requirement is not met. At reference numeral 512, a level of bandwidth for
the first amount of bandwidth can be maintained and the second amount of bandwidth
can be maintained if the delay requirement is equivalent to the first portion of
bandwidth. At reference numeral 514, a portion of data on the first and the second

portion of bandwidth can be received in accordance with the allocation.
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#3dirst amount of bandwidth can be maintained and the second amount of bandwidth
can be maintained if the delay requirement is equivalent to the first portion of
bandwidth. At reference numeral 614, a portion of data on the first and the second
portion of bandwidth can be transmitted in accordance with the allocation.

[0055] Fig. 7 is an illustration of a mobile device 700 that facilitates receiving
best effort (BE) flows and/or delay sensitive flows with efficiently allocated bandwidth
to such flows in a wireless communication system. Mobile device 700 comprises a
receiver 702 that receives a signal from, for instance, a receive antenna (not shown),
performs typical actions on (e.g., filters, amplifies, downconverts, etc.) the received
signal, and digitizes the conditioned signal to obtain samples. Receiver 702 can
comprise a demodulator 704 that can demodulate received symbols and provide them to
a processor 706 for channel estimation. Processor 706 can be a processor dedicated to
analyzing information received by receiver 702 and/or generating information for
transmission by a transmitter 716, a processor that controls one or more components of
mobile device 700, and/or a processor that both analyzes information received by
receiver 702, generates information for transmission by transmitter 716, and controls
one or more components of mobile device 700.

[0056] Mobile device 700 can additionally comprise memory 708 that is
operatively coupled to processor 706 and that can store data to be transmitted, received
data, information related to available channels, data associated with analyzed signal
and/or interference strength, information related to an assigned channel, power, rate, or

the like, and any other suitable information for estimating a channel and communicating
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analysis engine 712 can effectively and optimally prioritize scheduling policies in
regards to flows for the mobile device 700. Additionally, the mobile device 700 can
receive data packets based at least in part upon the scheduling priorities identified by the
QOS manager 710 and/or the analysis engine 708.

[0059] Mobile device 700 still further comprises a modulator 714 and
transmitter 716 that respectively modulate and transmit signals to, for instance, a base

station, another mobile device, efc. Although depicted as being separate from the

processor 706, it is to be appreciated that the QOS manager 710, analysis engine 712,
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shown).

[0062] Fig. 9 shows an example wireless communication system 900. The
wireless communication system 900 depicts one base station 910 and one mobile device
950 for sake of brevity. However, it is to be appreciated that system 900 can include
more than one base station and/or more than one mobile device, wherein additional base
stations and/or mobile devices can be substantially similar or different from example

base station 910 and mobile device 950 described below. In addition, it is to be

appreciated that base station 910 and/or mobile device 950 can employ the systems
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[0066] Each transmitter 922 receives and processes a respective symbol stream
to provide one or more analog signals, and further conditions (e.g., amplifies, filters,
and upconverts) the analog signals to provide a modulated signal suitable for
transmission over the MIMO channel. Further, Ny modulated signals from transmitters
922a through 922t are transmitted from Ny antennas 924a through 924t, respectively.
[0067] At mobile device 950, the transmitted modulated signals are received by
Npr antennas 952a through 952r and the received signal from each antenna 952 is

provided to a respective receiver (RCVR) 954a through 954r. Each receiver 954

conditions (e.g., filters, amplifies, and downconverts) a respective signal, digitizes the



bandwi dth to the best effort flows. In other words,

the QOS nmanager 710 and the anal ysis engine 712 can
we@doensi7vel y and optimally prioritize schedul i PQI/US2008/082424

policies in regards to flows for the nobile device

700. Additionally, the nobil eMevice 700 can receive

data ackets based at ast art _upon .
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and which is coupled to a nmenory 816 that stores

pwdetmmti by ﬁraﬂ@n&&e@&%é tl@@tlgln%ﬂrnfgldetr@ﬁ@ﬁm bagk fp basc station 910.
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can 1 npl enent sche ng priorities in regar
ﬁiesmge foodeterobind ehadb praedingdatiix taovedhr destmiginf cblnd: beamforming
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F dt h assi gnnents determ ned froma cal cul at ed

[Gdh2] C. MOPRRYKLrs ng%nQ '9‘79 %5[19‘@15‘608 {Ag.CathiRe oBMIMRd fage,

an anal ysi s engine 8 can

etc.) operation at base station 910 and rnoblle device 950, respectively. Respective
processors 930 and 970 can be associated with memory 932 and 972 that store program
codes and data. Processors 930 and 970 can also perform computations to derive
frequency and impulse response estimates for the uplink and downlink, respectively.
[0073] It is to be understood that the embodiments described herein can be
implemented in hardware, software, firmware, middleware, microcode, or any
combination thereof. For a hardware implementation, the processing units can be
implemented within one or more application specific integrated circuits (ASICs), digital

signal processors (DSPs), digital signal processing devices (DSPDs), programmable

logic devices (PLDs), field programmable gate arrays (FPGAs), processors, controllers,



dynam cally ascertain the nmetric in order to transmt

data packets to the nobile device 804 according to
w@ewh/ocHargEul ated nmetric which dictates bandw dedir/us2008/082424

assignnments for a conbination of delay sensitive flows

and best effort flows. [0061]2IFurthernore, although

depi cted as being separate fromthe processor 814, it
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be mul ti pl exed V\/itthj | ot data using orthogonal
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B ey L A G POF el ERRE P s Pty within
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R B BR0 RS (£ ion LAY WRDESEREN ctions
implemented by a processor, software, or combination thereof (e.g., firmware). System
1000 includes a logical grouping 1002 of electrical components that can act in
conjunction. The logical grouping 1002 can include an electrical component for
receiving at least one of a delay sensitive flow with a delay requirement or a best effort
flow 1004. In addition, the logical grouping 1002 can comprise an electrical component
for allocating a first portion of bandwidth to the delay sensitive flow and a second
portion of bandwidth to the best effort flow 1006. Moreover, the logical grouping 1002
can include an electrical component for reallocating the first portion of bandwidth to a
reduced level of bandwidth and the second portion of bandwidth to an increased level of
bandwidth if the delay requirement is met 1008. In addition, the logical grouping 1002

can comprise an electrical component for reallocating the first portion of bandwidth to



keying (QPSK), M phase-shift keying (M PSK),
M quadr at ure anplitude nodul ation (M QAM, etc.)
W@ 00806@ f or that data streamto provi de noduP@r/US2908/082424
synbols. The data rate, coding, and nodul ation for
each data stream can be deters ned by instructi ons
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b4 SRS rANSINRA AP 8nd Sath hAKeHR D clafloR td BIPEMFSH VISE ﬂows and
recei ver (RCVR) 954a through 954r. Each receiver 954

deiawl setnsmlws flomsgn a wiidlese pcsmnmm@hilcbn gw/iroamgnt. System 1100 can

gh Ies Y& i tizes
KRS h it uicRRRE UGS, e ey, Sirpicisd payom 1100
S {h@Scan! L &l
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BRSO VRS A T PRSI R LB
E)g[ﬁabgroapﬂhg ane2 cﬁ?ﬁndﬁltia af EEC@&SMonﬂﬁﬁeﬁI&br gesivihglaateast one of a
dei nter] eave, and decode each detect e%f(g%/nbol stream

delay srasiive flopewith adeley remmitgmeptonaResy Howddfd Imypddition,
9{698§§et§' ggglrdgaégr f%gd&h %o%ﬂgeea?aéctﬁéﬁ cbSip gﬁéﬂ@ k&g;ﬂ_@g(ﬁ%aaﬁm

to t by TX"M MO processor 920 an
portio o bandidthao theadedaysteasitionfl@dGnd pGEGHH pArtpmmfémsdmidth to

%@%egtae?fo%eﬁéve q (%JI | More%%tere Ehrg 13§1c¥W glr(():ll;plgg ?fo%dcltarl]lqné{a (tie an electncal
component for reallocating the first portion of bandwidth to a reduced level of
bandwidth and the second portion of bandwidth to an increased level of bandwidth if the
delay requirement is met 1108. In addition, the logical grouping 1102 can comprise an
electrical component for reallocating the first portion of bandwidth to an increased level
of bandwidth and the second portion of bandwidth to a reduced level of bandwidth if the
delay requirement is not met 1110. The logical grouping 1102 can comprise an
electrical component for maintaining a level of bandwidth for the first portion and the
second portion of bandwidth if the delay requirement is equivalent to the first portion of
bandwidth 1112. The logical grouping 1102 can comprise an electrical component for
receiving a portion of data on the first and second portion of bandwidth in accordance to

the allocation 1114. Additionally, system 1100 can include a memory 1116 that retains



utilize as discussed above. Further, processor 970 can
formul ate a reverse |ink nessage conprising a matrix

W0 pwexcses ti on and a rank val ue portion. [0070pCTH82008/082424
reverse |ink nmessage can conprise various types of
i nformation regarding the cormfunication |ink and/or
t he recelved dat a strean1 The rev e |l.ink ness n
Beiprions S¥edenying fetigas assafla@é%&e?@cé%ca MBS Y 02, 1106,
ﬁﬁ%e'lYﬁﬁ 141 2fhiq 1 dat thﬂersh@wuy’aaﬁ @{te%h%rﬁérh&%“ﬁm it is to be

froma data source 936, nodul at ed % a nodul at or 980,

umtmstocpd)hhebbtt@wrtmqagfmltctepsl @B@ancﬂw olUbh 1084r1,10%0d 10, 1112,

tted P E to bas %atlon 910. [0071] At base
(gfﬁ 28 £o's Wﬁ mﬁﬁﬂﬂﬁgﬁ signal s from nobile device

ﬁfo@spr e I ep@iayRsb H¥n ABILIBERELRARIncl QR Gk hinPRE B e or more
recelvers 922, denodul ated by a denodul ator 940, and

prbedimsa. biyis. o RRUGEMD! ppols tofesgile evsresanesiztble gembination
I}
pEcRRehs B nUBRBBRG TRTRIMS e B TRRL U A5 ERSRY
ebsdgentsphidehe bffomienamsidh ipthecetihagradgizxthbombisefurher
detern1n|ng t he beanform ng weights. [0072] _Processors
orgabigafipny 20d parmRtiass of yarieys ené?@ﬁtm%xts arg pepsiflpraprscordingly, the
n
ROANG ot ho RSl Al SRR A o Blidhs and
aarchtﬁﬂ@tlm&fallb;eitla’s ﬁwcsipaiteldd\smm ofEhmmpeﬁc&'Zi caichs 9 Frthdratore, to

ore m cogde dat Proc 0 and 970

s Dl DR P BB i Rnan ¢5ad it dayEmign aniye
EIARY, SEchl SR AARNESS foFRLRQudiOF int J‘I%aﬁ’&lr ls i1 ARG the term
downl i nk, respectlvely [0073] It is to be understood
il Mprtshg” ashHoumpreme’ g egenpidtestiwher emplogethaskyetransitional word in a
ing%enented in hardware, software, firmare,
ﬂl | eware, mcrocode, or any conbination thereof. For
a hardware inplenentation, the processing units can be
i mpl emented within one or nore application specific
integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs),
programabl e | ogi ¢ devices (PLDs), field programrmabl e
gate arrays (FPGAs), processors,
controllers, mcro-controllers, mcroprocessors, other
el ectronic units designed to performthe functions
descri bed herein, or a conbination thereof. [0074]
When the enbodi nents are i nplenented in software,
firmvare, m ddl eware or m crocode, program code or
code segnents, they can be stored in a
machi ne-r eadabl e nmedi um such as a storage conponent.
A code segnent can represent



a procedure, a function, a subprogram a program a

routine, a subroutine, a nodule, a software package, a
W@Rk@9®61708 any conbi nati on of instructions, daPEI/US2008/082424

structures, or program statenents. A code segment can

be coupl ed to another code seihrent or a hardware

circuit by passing and/or recejiying information, data,

argunents, paraneters, or contents.

Information, argunents, paraneters, data, etc. can be

passed, forwarded, or transmtted using any suitable

Weahs dlagleddi: ng menory sharing, nessage passing, token

passi ng, network transm ssion, etc. [0075] For a

software i nplenentation, the techniques described

herei A H&RoPhat flelIRBABNS BNk TR E11E® afd a flow with a delay

procedures, functions, and so on) that performthe

fagHiEemesvithas & itsdess Remeiunicatipns GIroNALE, QUHESINEAN be
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menory uni ©© can be inplemented within e proocessor or

efforefloat to the processor, in which case it can be

communi cat.ively coupled to the processor via various

meansaldRcaiing g FshRoftipnioh dangwidiy odhrsiclyy smsitiss pwnace to
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assi gns bandw dt 0 receive at |east one data packet

i n retcatloaming chdi@st pafiboof b{ndw)dth towscdanet detlaf bandwidth and

ensitive flows. For exanple, syste 000 canp.reside
S PP PGV R el Teept BB 8 acfy
feMiréMent§d met;! t 1S to be appreciated that system 1000

is represented as including functional blocks, which
can beeaflagating theaflirsbpayt s of beaid width te s micrdaseiclevd rod bandwidth and

L, mpl enent ed by..a progcessor, softwar or . L natjon
R G Holop ot R & oy SRS BB Rhif bl Felef
tcQgire@éntgs Astrh&t9ank002 of el ectrical conponents that
can act in conjunction. The | ogical grouping 1002 can

i ncl uBeingniaeadevdl ehbandargibrienthe fisyt poeias; afibagdwidth enkthe
S8 oS} Bl o L YL AR B Rlion o

bamawpiithg 1002 can conprise an el ectrical conponent for
allocating a first portion of bandwi dth to the del ay
sensitive flow and a second portion of bandwidth to

he b I - : LG :
B oup g T058  e REr CIEREEal P R ket
aealtdaocatvithghd teadvidts tllpatibn oftheffirkgrodvendéfrbandwalth and the
redg&gd Jenggﬁ{.&ghdmﬁdth and the second portion of
PRIRBWP IR © WHr eased | evel of bandwidth if the

delay requirenment is net 1008. In addition, the

| ogi cal grouping 1002
3. The method of claim 1, further comprising transmitting at least one data packet

in accordance with the bandwidth allocation of the first portion of bandwidth and the

second portion of bandwidth.

4. The method of claim 1, further comprising adjusting the allocation of bandwidth
for each data packet.
5. The method of claim 1, wherein the reallocation of bandwidth for the first

portion of bandwidth is served by Wf(qi(?), di(?), K'i (¢)), where di(f) is a head-of-line



can conprise an electrical conponent for reallocating

the first portion of bandw dth toan increased |evel of
whawdwsdth and the second portion of bandw dt hP€DUS2008/082424

reduced | evel of bandwidth if the delay requirenment is

not net 1010. The | ogi cal gro#pi ng 1002 can conpri se

electric C onent for intgining a | evel . of
delmeitard %3‘%16 LB dfer Wﬁfggﬁﬂ%ﬁg (4 fen PeeFH ¢y g a flow
pfi apdwi dth if the delay requirement is equivalent to

the first portion of bandw dth 1012. The | ogica
groupi ng 1002 can conprise an electrical conponent for

ecei yjn ortjon_of data.on the fir and. .second
Bor 1 ShE B lRhileibn: rhSRutisR deaiggeios S wafEy e BERe M pecond
%&ﬁén of Bl i@nal katvedisthe MakSAd @ity bhtk be& oBroMETHRY th regards
016 that retains instructions for executing functions

xthe engretpiiandwiditediochigd thesomiobnent s 1004, 10086,

1008, 1010, 1012, and 1014. Wil e shown as being

external to nmenory 1016, it is to be understood that

®ne oTh&dkthodfof elagats) furthler coONPIENGSi 1804 bisd@a,scdrOR Blgorithm
1010, 1012, and 1014 can exist within nenory 1016.

fooore thefrllovieeito Fig. 11, illustrated is a system

1100 that optimally allocates bandwidth to transmt at

| east one data packet in relation to best effort (BE)

flows and deglay sensitive flo in wireles
commuliEat | Qa Cel{VT FoWHENE 7 Sylebom K 3006aK) T bk 4
within a base station, nobile devicé, etc., for

i nstance. As depicted, stem 1100 i ncl udes functiona
bl ockst. t hat can represent bfuBict b.on® iipl.ement ed by a
processor, software, or iconbination thereof (e.g.,
firmvare). System 1100 i des | ogi,cal grouping
1102 of electrical conpoﬁgg Sg '@} faditit at e
schedul i ng of data packets. The |ogical grouping 1102
can include an electrical conponent for receiving at
Beast Thomcthodaf drimy, Aethet tomeridihgow W th a del ay

requi renent or a best effort flow 1104. In addition,
the | pgi aupiggmal 1 ' ctrica
conpo%gﬁgﬁ?gggalIéggtinggé%?gFgfﬁgggﬁggﬁggﬁkﬁandmﬁdth
to the delay sensitive flow and a sgcond portion of
bandwhdtitg Bo £H8 bedt of Eor B f Fov- BLOBANVDY eover, t he
| ogi cal grouping 1102 can include an el ectrica
conpos@nputfngranrapgintabdistribugon hEsifeciraltreysurecs i gfmong best effort
gandmﬁ Rsto a reduced. | evel of.banﬁgﬁdthéggd.%ge
ewdA §or £MORS GF12B SPTNGHIP WS S 4 PR S Bla) of
bandwi dth if the delay requirenment is net 1108. In
addition, the | ogical grouping 1102 can conprise an
el ectrical conponent for reallocating the first
portion of bandwi dth to an increased | evel of
bandw dt h and the second portion of bandwi dth to a
reduced | evel of bandwidth if the

9. The system of claim 8, further comprising:
computing x =W max{f,(¢,(¢t),d.(t),K./ (t))):i is QoS};

computing first largest y = K, (H)U,((1 -7, )x,(t)+7a K (£)b,)



delay requirenment is not net 1110. The | ogica
groupi ng 1102 can conprise an electrical conponent for
worehoavei’m ng a | evel of bandwi dth for the firsPCPpUR1008082424

and the second portion of bandwidth if the del ay
requirement is equival ent to 4he first portion of
bandwi dth 1112. The | ogi cal grouping 1102 can conprise
an el e¥RPYtEg2 S@éﬁﬁ%lﬁ@%t%&?%éﬁ vitHg*4Dpée oo b
data on the first d .second portion of bandw dth in
accor AplERC e e BllMGRG i on 1114, Addi tional |y,
system 1100 can include a nenory 1116 t hat
ret ai nsi nstfrustionor iBr eRecut, whgrdaundelewnse associ at ed
with electrical conponents 1104, 1106, 1108, 1110,
1112, and 1114.3M\pil e shown as being external to
menory 1116, it is to be understood that one or nore
of electriqalegqmppnents 1104, 1106, 1108, 1110, 1112,
and 1114 can exist"within nmenory 1116. [0078] What has
been descri bed abgve |ncludes exanples of one g, nore
enbodi nents. It ﬁpﬂ%,zg%ﬁqéé‘}éls%tefgﬁd%goﬁéli%@l/& t 63%08 =B-B"
descri be every conceivabl e conbi nati on of conponents
or net hodoEBgi es for purposes of describing the
af orenenti oned enbodi nents, but one of ordinary skill
in the art may BE8oghi'zend bettB"frar(B " Furdlor2, B =B-B"".
conbi nati ons and pernutations of various enbodi nents
are possible. Accordingly, the described enbodi nents

e i ! I ' - -
B35t T nER G LB LA CoriElne BabRh P Bidwigth allocaron for
stdeast bnaoftths €iep @oniontdi®amppidtidadhe kaionad porfion ofiBamdwiéth on a
to the extent that the term"includes” is used in
HPYHEPE 3936 det ai | ed description or the clains, such
termis intended to be inclusive in a manner simlar
to the term"conprising"” as "conprising"” is
i nterpreted when enployed as a transitional word in a
claim CLAIMS What is clained is: 1. A nmethod that
facilitates scheduling a best effort flow and a fl ow
with a delay requirement within a wirel ess
communi cati ons environment, conprising: receiving at
| east one of a delay sensitive flowwth a del ay
requi renent or a best effort flow, allocating a first
portion of bandwi dth to the delay sensitive flow,
al l ocating a second portion of bandw dth to the best
effort flow, reallocating the first portion of
bandwi dth to a reduced | evel of bandw dth and

11. A wireless communications apparatus, comprising;:
at least one processor configured to:
receive at least one of a delay requirement associated with a delay
sensitive flow or a best effort flow;

allocate a first portion of bandwidth to the delay sensitive flow;



the second portion of bandwi dth to an increased | evel
of bandwidth if the delay requirenent is net;

wo eableczg i ng the first portion of bandw dt h tRBCHEHEIS2008/082424
i ncreased | evel of bandwi dth and the second portion of
bandwi dth to a reduced |evel %f bandwi dth i f the deI ay

requi renent i s not and | ev
bandwi dt h flléqcater?eseﬁ?rrﬂ&o %‘FPP‘?%B &tE g\ﬁ%ﬁftr?f %e

second por tda08ca@f th %a%ﬂﬁlm b banB& iR 't@é’rerdﬁé’édﬂ 1&@&%@t
Is equivalent to the first portion of bandw d

Hheiwnéthmod thof secprad portion dlpandendtl ooor msraagedrle@@ |1K/11hn gelay
| east one da#a packet in accordance with the bandw dth
HIHEERETIRTSF the first portion of bandwidth and the

second por idaﬁ@ca@é the Fshintult ofbandWRItES mac&&se‘al léxbdlfbﬁ
further corrprl sing transm tti n(ghat | east one

bﬁ@k\édthuan tecse ign ehbandwi ﬁuw@phedauevd@étbmiw@fh if the
bandwi dt h dth d t
g@g% %}?lﬁrlg h&qif‘%e andwi an e second portion

met hod of claim 1, further

conpri si ngmaditais tilewg] bhieandhidib dbid the fiest abhenavefdiahdd @th and
each data packet. 5, The nethod of claim 1, wherein
thsescqang amwat plohangpidsh b delAy resmirementsis P@tw@d@rttt@ B fgst

Q&ﬁ wof’s egﬁ/@d by K\ (t)), where d (t) is a

I ne eI’ay for a flow, the gt) is a buffer
si ze, aarthdrheolpldd totthe atdeast speptocadsoref fi ci ency for a
flowi at atime . 6. The nethod of claim5, wherein
the reallocation of bandw dth for the second portion

o bamﬂ%%tésg SordRlYiestida¥ awﬁamagaaﬁh 1 Wi Adrdin anea§t|?)%ﬁ

best effort flowin regards to the anount of bandw d
plocessar e figheddowrdchive At leﬁﬁe)nﬁétaﬁaqxacldt ichegiordaBee With threr

BB D8siehatiticg Foat ST 10 ARR 4 sggog{cgpg)%gngof

bandwidth. i=l n s.t. b =B, b 0, i —\,

13. The wireless communications apparatus of claim 11, wherein at least one
processor configured to receive at least one data packet in accordance with the
bandwidth allocation of the first portion of bandwidth and the second portion of
bandwidth.

14. The wireless communications apparatus of claim 11, wherein at least one

processor configured to adjust the allocation of bandwidth for each data packet.

15. The wireless communications apparatus of claim 11, wherein the reallocation of
bandwidth for the first portion of bandwidth is served by Wf(qi(£), di(r), K'; (£)), where
di() is a head-of-line delay for a flow, the qi(¢) is a buffer size, and the KJ; (1) is a

spectral efficiency for a flow 7 at a time 7.



8. The method of claim7, further conprising:
initializing Brm =0, nax = B, where B is spectra
WO e®on61ces setting BBE =( + n ) / 2, BQS =B- BPGEUS20881082424
conmputing an optimal distribution of spectral
resources BBE anong best effoft flows and BCDS anDng

| ay_sensi veflovvs usi ng a bur st arithm

e sYBT BiHelsPs CmmHIgatiqng AppAIptUS aﬁﬁmr%ﬁ@’vaheg@ﬁ&ﬁ ﬁeﬁl&%@twn of
Emdtil £bi the séjcoglﬁ)po%lon(&f)o)lﬂdwﬂdtﬂ i§ sERS by tHéC}HB‘giﬂa[‘thty of the
first largest y =K ( a)x (t)+Ta K (t)b
beso efport ifloy ia regaedita thfaatrgelgtt 0£ bmdw@ﬁl)allloée(ted thefavidhx
(t)y+tTa K( b ) ; inplenenting the following: If y <x
z or - 5(tm<o, where is tolerance Stop Else if x >y
17.= BB wirdREs &hmBREattonk B{S’}baﬁraﬁiﬁﬂm‘,}hnﬁ 12, WIS aFleBst Bne
BE El se Brm = BBE , and set BBE = (B(trr)x +n
BResser @nBgpred to uplizcrheisenjion searelf algpaihm o, sobvert %ﬁqllowmg
conpri sing adapting the bandwi dth allocation for at
| east one of the first portion of bandw dth or the
second portign of bandw dth on a sl time scale.
A wi r@pess Qufitthi écéﬁffiﬁhtnéﬁdé}béhfg%légﬁ%ffbSlbﬁ@(f))at
| east one pridcessor configured to: féceive at |east
one of a delay requirenment associated with a del ay
sensidtve flow or a bestZél.f:fBrtbl.fa‘(Q;V\r,z‘qal,l..oxzate a first
portion of bandw dth tothe delay sensitive flow
al locate a seclggtg port on. of bandwi dth to the best
effort flow PP thiebfiF st anount of bandwi dt h
to a reduced | evel of bandw dth and the second portion
of bandwi dth to an increased level if the delay
[€qUi TRERYeIchScamihinitaadns qudr@tug beclhint $7, vaBReiRtat Rbst one
bandwi dth to an increased | evel of bandwi dth and the
Boceter gofigied toat lsash @ng af hedellayipgduced | evel of
bandwi dth if the

initialize B™ =0, B™ = B, where B is spectral resource;

set B® =(B™ +B™)/2, BY¥ =B-B"";and

compute an optimal distribution of spectral resources B"" among best effort

flows and B*among delay sensitive flows using a burst size algorithm.

19. The wireless communications apparatus of claim 18, wherein at least one

processor configured to at least one of the following:
compute x =W max{f,(q,(t),d.(t),K/(1))):i is QoS};
compute first largest y = K, (OU/((1—7e,)x,(¢t)+ 71 K, (¢)D,)
compute a second largest z = K, (t)U((1-za,)x,(t)+1a, K (1)b,);

implement the following:



delay requirenment is not net; maintain a | evel of
bandw dth for the first anmount of bandw dth and the
W@ ewomei7asrount of bandwi dth if the del ay requi PENEN1008/682424
equi valent to the first portion of bandw dth; and a
menory coupled to the at |eas?) one processor. 12. The
W rel ess communi cati ons apparatus of claim 11, wherein
at | east oHev éﬂéeé@ﬁe’?’rmcogg‘fﬁwﬂé@f@t%lsﬁ@é@m% at | east
one data packet in accordance with the bandw dth
al l ocation of tBepfirst portion of bandwi dth and the
second portion of bandw dth. 13. The w rel ess
comuni cat ig@sifappar atus of claim 11, wherein at |east
one processor configured to receive at | east one data

packet in accordgpnce w th the Jbandw.dth..allocalison_of ..
the first porti oTBbaﬁHWS@te@] Er@?ttheEsgc/gnd%tsorﬂBﬁrﬁ
of bandwi dth. 14. The w rel ess communi cati ons
appar at us bfsecl aim 11, wherein at |east one processor
configured to adjust the allocation of bandw dth for
each data packeBB™ 58" Thad witBel eS8 ¢ andiini/ at Bohiss B—B™ .
apparatus of claim 11, wherein the reallocation of
bandwi dth for the first portion of bandw dth is served
( ’ i P f_ i
P SThy wlreleh] Aoy bharh 8, B AERE EAhGIR ofRhne
pocessepenfigateded hiapt dredyanflwrdtiaalidaation faxtat keastiome of thelfist

T A e PR o

portion of bandwi dth is served by the marginal utility
of the best effort flowin regards to the anount of
bandwi dt h al | ocated therewith. 17. The wirel ess
comuni cations apparatus of claim 15, wherein at | east
one processor configured to utilize a bisection search
algorithmto solve the followi ng: max. uc(l- ta )xAt)+

tat)b)-Wc g(q (t)-b K(t)) i=l i=l ns.t. b =B, b
>0, i=\,...,ni=\
21. A wireless communications apparatus that enables scheduling a best effort flow

and a flow with a delay requirement in a wireless communication network, comprising:
means for receiving at least one of a delay requirement associated with a delay
sensitive flow or a best effort flow;
means for allocating a first portion of bandwidth to the delay sensitive flow;
means for allocating a second portion of bandwidth to the best effort flow;
means for reallocating the first amount of bandwidth to a reduced level of
bandwidth and the second portion of bandwidth to an increased level if the delay

requirement is met;



K( qct), I =1,. ..,/1 18. The wireless

communi cati ons apparatus of claim 17, wherein at | east
wo@p@pe1stessor configured to at | east one of tPEI/US2008/082424

following: initialize n = 0,B =B, where B is spectral

resource; set BBE =(B(tmx + ¥ ) / 2, BQS =B-B BE ;

and conpute an optimal distribution of spectral

r esouf¥ %B@Hﬁ%ﬁ'@g@é%g%wwt of B@wéw_lg O BoisTeAtehisvel of
gelddBens ifd ¥eodd MEo'sf RhdRiRHESE r&iud&l ROV bhWidth if the
19. The wrel ess communi cati ons apparatus of claim18,

ddley wigniramentaasot roeteapt ocessor configured to at |east

one of the.follow ng: .co e X.T X t .
0y, kimepips ot §a SRTBH Tl BBk i afighig S panayian
§id ke sédond amloand of Hahdwikeh {f thd ddday reqORBHER ISP to the first
largest z = K- Ta )x (t)+Ta K (t)b ) ; inplenment the
potipeef hepdwidft. x  z or - 5(tm <o, where is tolerance
Stop Else if x >y = BBE, and set BE = ( max + nm) /

2, QS =B-B BE Else nm= BE , and setBBE =(B(tmx + n)
222, ThSwabBkehs Bimmuriatiohl@ppdritak 66 sa@mopmuaitbatdonipsising means
apparatus of claim11l, wherein at |east one proces

sor
tBmesehineet lewst aprdite prEkehRmgarrdrrecayifihs pedviddy allpeation of the
fj [ : dth or the
EET RS Rr Bindh ' pliThe RAb fihigh o BIRNIGRT 201 &2 1
A wirel ess comruni cati ons apparatus that enabl es

heduyl i n best effort flow and.a fl with a del ay
FEqu Lhefte R o mniEtiags BBHnPE Qe DA Bt cRmPTS g means
£RMRALRIND atTRRANSHd Rfta pR&SI MiaBELrainck SARL thOBErRFidf allocation of
del ay requirenment associated with a delay sensitive

fhiedustqrortzorbefdtandwidslr and thowscomd aogiohaf bahdwiddt.i ng a
first portion of bandwidth to the delay sensitive
flow, neans for allocating a second portion of

bandwraé WiteRsé fgmmgsicatink @pparhtu@wr claR@DS, fifher comprising means
real | ocating the first amount of bandwidth to a
fas gdpstng thg @jloggtion of bandwidth for each data packet.

25. The wireless communications apparatus of claim 21, wherein the reallocation of
bandwidth for the first portion of bandwidth is served by Wfi(qi(?), di(r), K'; (£)), where
di() is a head-of-line delay for a flow, the qi(¢) is a buffer size, and the KJ; (1) is a

spectral efficiency for a flow 7 at a time ¢.

26. The wireless communications apparatus of claim 25, wherein the reallocation of
bandwidth for the second portion of bandwidth is served by the marginal utility of the

best effort flow in regards to the amount of bandwidth allocated therewith.

27. The wireless communications apparatus of claim 26, further comprising means

for utilizing a bisection search algorithm to solve the following:

max. i Ui ((1 -1 )xi (t)+ TaiKi (t)bi) - Wi Cig(qz' (t) - bz'Ki (t))

s.t. >'b,=B, b20, i=l..n

i=1



bandw dt h and the second portion of bandw dth to an
increased level if the delay requirenent is net;nmeans

wo e09erld ocating the first anount of bandw dt PCT/USZN8/082424
i ncreased | evel of bandwi dth and the second portion of
bandwi dth to a reduced | evel Yf bandwidth if the del ay
requi renent is not net; and neans for maintaining a
| evel of bandwidth for t#e@ Fgtambadt & bandwi dt h
and the second anount of bandwi dth if the del ay
requirenent is equivalent to the first portion of
bandwi dt h. 22. The wirel ess communi cati ons appar at us

08, cl hoWwddiess BrhMBRicHIRapSdrEs BEARSE D RrfuFB&GRoMIpAgingt
| east one data packet in accordance with the bandw dth

al location of .the.fiLst popkdon,of  bandw dth and the
secontpB el it dR st R 53 “Hg ol icdefRiobi®
comuni cations apparatus of claim2 1, further

conpr insamsgfoneatisg BT =t(BANsMA T Ag B IFeBstB bnenddat a

packet in accordance with the bandw dth allocation of

t he fincsis foocdrmhputingfanhpiniehal distribaidn bhepesalangbupas tBBmmong
of bandw dt h. 24 < The wirel ess communi cati ons '

besp atfert dowsfand | ranpeng delayshesitiveotgvy wiingye heahygzg ggorithm.
adjusting the allocation of bandwi dth for each data
packet. 25. The wi rel ess communi cati ons apparatus of
claim 21, wherein the reallocation of bandw dth for

the first portion of bandwidth is served by K\ (t)),
where d ( ) is a head-of-line delay for a flow, the q

t) is a buffer size, and the K\ (t) is a spectral
efficiency for a flowi at atimet . 26. The wirel ess
comuni cati ons apparatus of claim25, wherein the

real |l ocation of bandwi dth for the second portion of

bandwi dth is served by the marginal utility of the

best effort flowin regards to the anount of bandw dth
all ocated therewith. 27. The wi rel ess communi cati ons
apparatus of claim 26, further conprising neans for
utilizing a bisection search algorithmto solve the
following: max. UXil- ta xX +ta - c¢ igX -bM)) 1=1

1=1 ns.t. bt =B, b >0, i =\,...,nK( g=1,...,"

29. The wireless communications apparatus of claim 28, further comprising:
means for computing x = W max{f(¢,(?),d.(¢), K/ (?))):i is QoS};
means for computing first largest y = K, (1)U, (1 -7, )x,(t)+7a K (£)b,)
means for computing a second largest z = K, (1)U, ((1-71e,)x,(t)+ 1, K,(t)b,) ;
means for implementing the following:

If y<x<zor B™ —B™<9, where is tolerance

Stop

Elseif x>y

B™ = B®" and set B*" = (B™ +B™")/2, BY¥ =B-B*™



28. The wirel ess communi cati ons apparatus of claim 27,
further conprising: means for initializingn =20, i =
wW®@20090k57® B i s spectral resource; neans for sRCT/URZP08/082424
BBE =(B + n ) / 2, BQS =B-B BE ; and neans for
conputing an optimal distribw3on of spectra
resour ces EFE anong best effort flows and BQoS anobng
del ay sensftfve flows using a burst size algorithn1
29. The wirel es mgo ni cati @I
further conprisi’ng: aﬁg F%gﬁ 2%R§ ﬁgui/ng§b
it), dit), K (t))) :i is QS} ; neans for conputlng
first largest y = K (t)U '"((lI- ta )x (t)+ ta K (t)b)
peans Thowirelzspedmmgniaatims apphrhtas geslhinz 2 F firthér)copfising means
a)x {i)+ Ta K (t)b ) .. ans for ement i n .
%%@fi%;wnﬁdhe b%ndyvlétia aﬁecaéwnr}eﬁqaéie%m@r%p L? 61 B EHE Bandwidth or
ﬁ%%@cdﬁlg)%rﬁén St b>a,\1idw1d’fh 5Bk s]zow:"tlﬂﬂe S&lic BBE = (Bnms +Bnm )
BEEl se Bnm = , and set BBE =
(B(tmx + n) / 2, BQoS = B- B BE . 30. The wirel ess
comruni cati ons apparatus of claim 21, further
conprising nmeans for adapting the bandwi dth all ocation
for at |least one of the first portion of bandw dth or
the second portion of bandwi dth on a slow tine scale.
31. A conputer program product, conprising: a
comput er - r eadabl e nedi um conpri sing: code for causing
at | east one conputer to receive at |east one of a
del ay sensitive flowwth a delay requirenent or a
best effort flow, code for causing the at | east one
conmputer to allocate a first portion of bandwidth to
the delay sensitive flow, code for causing the at
| east one conputer to allocate a first portion of
bandwi dth to the delay sensitive flow, code for
causing the at | east one conputer to allocate a second
portion of bandwi dth to the best effort flow code for
causing the at |east one conputer to reallocate the
first anount

31. A computer program product, comprising:
a computer-readable medium comprising:

code for causing at least one computer to receive at least one of a delay
sensitive flow with a delay requirement or a best effort flow;

code for causing the at least one computer to allocate a first portion of
bandwidth to the delay sensitive flow;

code for causing the at least one computer to allocate a first portion of
bandwidth to the delay sensitive flow;

code for causing the at least one computer to allocate a second portion of

bandwidth to the best effort flow;



of bandwi dth to a reduced | evel of bandw dth and the

second portion of bandwi dth to an increased | evel of
whandwsdtdh i f the delay requirement is nmet; coREI/US2008/082424

causing the at |east one conputer to reallocate the

first anount of bandwidth to ¥h increased |evel of

bandw dt h s&{j fthe s.ec\%]d ortion of bandw dth tﬁ@%
reduced | e 18F CRIIRERRTR ‘_%}Sf ORGROMPUICH O FRAHQF4LR FSHErSt agnount
BEband®idth 308 r&RE&I 081 F %Hﬁ’dvlpig.tht 8 8L sdcBad bor®iB8 of gandwidth to an

conputer to maintain a |level of bandwdth for th
tnicreaseddmmel of bafdviodihdfhdtdelayrdquiteenene soned; anount  of

bandwi dt h if, the del ay, requirenent i ui val ent, t

the first Bt PerSr s Al APt g St nc' st amount
Bf QBIHALR kP S flcrc@bedibdd] BF BdndwiB@r @i Ahd okPPIHIBE bf bandwidth to
readabl e nmedi um further conprising code for causing

¢ Frsluged lewelsxt bapdwiddnb theedelayoreq eisamepé isgtot meggindone dat a
packet in ac n ' a ' l. ocat i,Qn

Phe first BaribaRsRethd dibaEnRaRatal e B RER supi 8l
bandoadt vibthb fir3 3motiheofanrpuidel amt kg sedongaaduat ofdfandwidth if the
claim31l, wherein the conmputer readable nediumfurther
empraagirpgentdeeduwHent Ao therfy st naation of kagdvidihe conput er

to transmt at | east one data packet in accordance

with the bandwi dth allocation of the first portion of
Bandwilbie boramdet fregmecondug of tiaon 3 bf whanidwhatdmpidér. redduble

co ut@;{hgro ram rogu t of .cl imgl, wherein the .
E’GH};‘;‘Ht e [SHER04F doh UFPR I 2 Lt i SRgIPEEY &0 fegrive at least
64§D PadkBeinakcdrBARk vANEhE BERMiBH dIRcATHNUSthd B&t portion of

al l ocation of bandwi dth for each data packet. 35. The

bandpadtbrang thegreamndopatio of lpndelidthm 31, wherein t he
real l ocati on of bandw dth for the first portion of
bandwi dth is served by W 1 O, I{t), I 1(t)), where d

§3.) i $h@c$}ﬁ@delo§mgﬂanﬁ%d@&cabfmrmal,f\lvweintm@ccﬁnﬁﬂteﬂ Baduble

buffer size, and the (t) is a spectral efficiency
mefiug furthey gongprising Gode fer caugag thers leasanetcompykes & aippsmit at

r t, of i erejn t I . f -
LS ATt B UL FALOSAGP A s porion o
Bardvedthhyid thescomidyporeidbn of bdndtvdtbf the best effort flow

in regards to the amount of bandw dth all ocated

therewi th.37. The conputer program product of claim

35, WhRL @M%lgglgprg%@t%au&%@eﬁﬁhgl,rwﬂéreiwtﬁys&ﬂﬁ&er readable

conpri si ng ausi ng the at’ | east one conputer
tneduti further @niyprsét dodn feremnsihg dlego idastonctcongpoter ¢éo djest the
le?(lclagg\lﬁ.l (r)]tgt:)andwidth for each data packet.

35. The computer program product of claim 31, wherein the reallocation of
bandwidth for the first portion of bandwidth is served by Wf(qi(¢), di(r), K'; (£)), where
di() is a head-of-line delay for a flow, the qi(¢) is a buffer size, and the KJ; (1) is a

spectral efficiency for a flow 7 at a time ¢.

36. The computer program product of claim 35, wherein the reallocation of
bandwidth for the second portion of bandwidth is served by the marginal utility of the

best effort flow in regards to the amount of bandwidth allocated therewith.



max. UXil- ta xX +ta F - gigXoO KX ) i=l i=l ns.t.
=B, b 0, i =\,...,n Ket)bt qct), i =\,...,n 38. The
W@ 09pH61sr8 pr ogr am product of cl ai m 37, wher ei nPE€TES2008/082424

conput er readabl e nedium further conprising code for

causingthe at | east one conp?tf'ter t o: initializen:

27 , Where Bis s ctra]ﬂ gg et BE-({%I
n )The o0mjlesoraB B0 O SR dorBRTEINARS SRy tel eadable

Hﬂeéﬁlﬂ RO s %%e&fdﬁ For craﬁﬁﬁg' fHeER le%@tﬁ)@%ﬁﬂ)u%% utilize a

effort flows and anong del ay sensitive flows
bis¢atipnacdyah sllgosthzretoadog@rtht ﬁIHOV@@g The conputer program
product of claim 38, wherein the conputer readable
medi um further conprising code for causi ng the at

| east one cQuputer to: conpute x = Wrmax [J

1(t), mek. (t) V€0 + 7,3, @S, K l(@bﬂwifsg(@ﬁ)réﬂ@@@t y =
KI(t)UX(I - #a )x (t)+ Ta 1K1(t)b ) ~€tonpute a second
largest z = KL(t)d/((l ; ta )x (t)+ Ta 1KL(t)b ) ;

i mpl esxent the follow ngaf B, K>@ or=1_5n5(tm <o,
where is tolerance Stofpz El se if X >y= BBE , and set
BBE = (Bmk +Bnm) / 2, B BBEEIse an-BBE
and set BBE = (B +B ) 121{%@@;@ 51 40. The
comput er program pr oduct of claim 31 vvher ein the
conmput er readabl e medi um further conprising code for

g@ausi Mge &&ﬁ @br pré@an ;%%B@u& QFBMLR N7 WhaE@ARhe EBputer readable
bandw dt h a | ocatton for at |east one of the first

pedivimofurther trammisingt ¢pde fort dagsise therad 1qast erieompluter to:
bandwi dth on a slow tine scal e.

initialize B™ =0, B™ = B, where B is spectral resource;
set B® =(B™ +B™)/2, BY¥ =B-B"";and

compute an optimal distribution of spectral resources B”" among best effort

flows and B*among delay sensitive flows using a burst size algorithm.

39. The computer program product of claim 38, wherein the computer readable

medium further comprising code for causing the at least one computer to:
compute x =W max{f,(q,(t),d.(t),K/(1))):i is QoS};
compute first largest y = K (0)U/((1—ze,)x,(t)+70,K,(t)b,)
compute a second largest z = K, (1)U/((1 - 7e,)x,(t)+ 7 K (¢)D,);
implement the following:
If y<x<z or B™ — B™<0, whered is tolerance
Stop.

Elseif x>y
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B™ = B" and set B"* = (B™ +B™)/2, BY®=B-B™

Else

B™ =B and set B* = (B™ +B™)/2, B%*=B-B™.

40. The computer program product of claim 31, wherein the computer readable
medium further comprising code for causing the at least one computer to adapt the
bandwidth allocation for at least one of the first portion of bandwidth or the second

portion of bandwidth on a slow time scale.



